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ABSTRACT
HPRAXELLA (BRANHAMELIA) CATARRHALIS: 
A MOLECULAR EPIDEMIOLOGY STUDY 
by
Lyndell R. Gill
HoyaxelXfl fBranhamella) catarrhalis is the third-most- 
frequently isolated microorganism associated with acute 
exacerbations of chronic bronchitis in patients during their 
stay at the Mountain Home VA Medical Center (MHVAMC). In 
order to develop a practical, epidemiologically-meaningful 
typing method for H. (fi.J catarrhalis,. we tested two methods 
based on analysis of chromosomal DNA for typeability, 
reproducibility, and ability to differentiate between 
unrelated strains (discriminatory power, £).
M. (£.) catarrhalis isolants from MHVAMC from 7/1/87 - 
6/30/88 were grown overnight in broth and embedded in 
agarose. DNA was isolated by standard methods. The DNA was 
subjected to: 1) restriction endonuclease digestion (with
either Bal II or Pme I) followed by pulsed-field gel 
electrophoresis (PFGE) and 2) restriction endonuclease 
digestion (with Hae III), followed by horizontal gel 
electrophoresis, Southern transfer and hybridization with a 
£3* (£.) catarrhalis-specific DNA probe (M46). Reliable and 
reproducible patterns were produced from 144 of 159 isolants 
(91%) using Hae III, 155 of 159 (97%) using Pme I, and all 
isolants using Bal II. Three clusters of isolants, Groups A 
(n=18), B (n=l8), and C (n«12) were detected. Within each 
group, isolants were identical by all typing methods tested. 
Chart review revealed no apparent epidemiologic link for 
Group A, while in Group B, 16 of 18 patients were housed on 
two wards, and in Group C, all cases occurred within two 
months, suggesting epidemiologic links within Groups B and 
C.
Comparisons of results from isolants from various wards 
and isolants from outpatients were used to determine £ of 
each method. Digestion with Pme I followed by PFGE was the 
most discriminating technique (£ » 0.978) followed by Bol II 
with PFGE (£ - 0.962), then M46 probe hybridization (£ **
0.929). The restriction endonucleases Pme I and Bol II were 
highly discriminating and useful in the epidemiologic typing 
of H. (£.) catarrhalis. While useful, the M46 probe 
following Hae III digestion was not as discriminating.
iii
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CHAPTER 1 
Introduction
Moraxglla (Branhamella) catarrhalis is a Gram-negative 
bacterium included in the family Nelsserlaceae. This 
microorganism is commonly found in the human oropharynx and, 
until recently, was often reported as normal flora in 
cultures from pediatric patients exhibiting symptoms of 
sinusitis and otitis media, as well as from 
tracheobronchitis, pneumonia and other conditions in 
debilitated adult patients (Cation 1990). This 
microorganism has only in the past 10 years been considered 
an opportunistic human respiratory pathogen by the American 
medical community (Wallace and Musher 1986).
Because H. (£.) catarrhalis may be found in 
asymptomatic patients as a colonizer, its presence on 
culture may or may not indicate the presence of an 
infection. For this reason, development of a typing system 
is important so that the epidemiology of an infecting strain 
may be determined. Traditional typing methods utilizing 
biochemical characteristics such as enzyme production, beta- 
lactamase production and hemagglutination reactions, as well 
as -more sensitive molecular techniques, including analysis 
of outer membrane proteins and lipopolysaccharides, have 
given less than satisfactory results in M* (fi.) catarrhalis. 
These characteristics tend to be homogeneous throughout the
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species, and results of phenotypic tests may vary, depending 
on growth conditions.
Generally, 'typing' methods are used in clinical 
settings to differentiate bacteria at the species level. In 
typing for use in epidemiologic investigations, however, 
more sensitive measures of bacterial strain diversity are 
necessary, in order to determine relatedness of infecting 
strains involved in transmission of disease.
The Infectious Diseases laboratory in the Internal 
Medicine Department of the Quillen College of Medicine has 
done extensive work with H. (£.) catarrhalis in recent years 
and has accumulated a representative collection of over 1000 
isolants from patients at the Veterans Administration 
Medical Center at Mountain Home, dating back to 1984. Using 
the isolants collected during the one-year period which 
yielded the largest number of isolants in the collection, I 
have performed a retrospective study, evaluating three DNA- 
based typing techniques for reproducibility, typeability, 
and discriminatory ability. These assessments have 
indicated that these methods can provide epidemiologically 
meaningful data for M. (fi.) catarrhalis clinical isolants. 
Molecular typing techniques included electrophoresis of 
agarose-embedded, restriction endonuclease-digested DNA in 
both conventional and pulsed-field gel electrophoresis, as 
well as Southern blotting of electrophoresed isolant DNA 
using an M. (fi.) catarrhalis strain-specific DNA probe.
The resulting data vere used to establish the 
relationship of a given population of microorganisms, based 
on any one or a combination of the above described molecular 
typing methods, in order to develop a clinically useful 
assessment of relatedness of tested bacterial strains. The 
information gained from this investigation will provide a 
basis for future analysis of factors associated with the 
disease potential of Moraxella fBranhamella) catarrhalis.
The Problem
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Statement of the Problem
Molecular epidemiology is based on technology that is 
rapidly evolving. There is a need for reliable molecular- 
based tests that can quickly and accurately indicate the 
relatedness of strains of microorganisms in outbreak 
situations, so that measures can be taken within a 
clinically relevant time frame to prevent the spread of a 
pathogen. Phenotypic characteristics of Moraxella 
(Branhamella) catarrhalis reported to date are homogeneous 
throughout the species. No single, easily analyzed 
phenotypic characteristic (with the possible exception of 
the production of the enzyme 0-lactamase) has been 
identified as being useful in typing this microorganism, or 
has been related to the virulence potential of H. (£.) 
catarrhalis. Because genotypic characteristics tend to vary 
much less in response to environmental factors than 
phenotypic characteristics, differentiation of strains of H. 
(£.) catarrhalis using nucleic acid-based molecular typing 
methods can provide a more sensitive and reliable measure of 
relatedness.
In all molecular typing systems there is difficulty in 
determining optimal conditions for characterizing the 
involved microorganism. Some of the problems addressed in 
the development of restriction endonuclease-based typing 
methods include: a) selecting the ideal restriction enzyme
which produces enough DNA bands to differentiate between 
strains of bacteria while producing few enough DNA bands as 
to not be difficult to reproduce and interpret; b) producing 
complete digestion of the DNA; and c) obtaining patterns 
from which closely-related strains can be differentiated 
from more distantly-related strains (Chakrabaty and Matar 
1993).
The assessment of any typing method should also include 
an evaluation of the method's ability to identify markers 
representing the strain type (typeability), its variability 
between one test and the next (reproducibility), as well as 
the method's ability to distinguish between related and 
unrelated strains (discriminatory power; Hunter 1990). 
Currently, recommendations regarding the assessment of 
strain relatedness based on restriction endonuclease typing 
are undergoing debate. The field of Staphylococcus aureus 
typing has provided the basis for ongoing discussion of what 
degree of difference in DNA banding patterns between 
isolants will be allowed before calling an isolant 
"unrelated" (Tenover et al. 1994).
Most previous molecular epidemiologic studies involving
H. (£.) catarrhalis (Beaulieau et al. 1993, Patterson et al. 
1988), while clinically useful, investigated small numbers 
of isolants in a clinical setting, and did not evaluate the 
typing method using the above criteria. Comparisons of 
larger numbers of isolants are required to investigate the
utility of molecular typing methods on H. (fi.) catarrhalis. 
while providing further information for defining strain 
relatedness in this species.
7Purpose of_the Study
1. Examination of typeability. Moraxella (Branhamella) 
catarrhalis isolants collected and banked during a one 
year period (July 1, 1987-June 30r 1988) were used as 
the study population. This period represents the year 
in which the most isolants were collected, and thus 
provided the largest single-year population for 
comparison. Two DNA-based technologies were analyzed: 
a) standard gel electrophoresis following Hae III 
restriction endonuclease digestion, followed by 
Southern transfer to a nylon membrane and hybridization 
with a strain-specific DNA probe, M46; and b) pulsed- 
field gel electrophoresis following digestion with 
either one of two restriction endonucleases fBgl IX and 
Pme I). The number of strains identified by each 
methos was determined. This was necessary to ascertain 
which methods provide reliable strain differentiation.
2. Examination of reproducibility. Comparisons were made 
within and between electrophoretic gels to determine 
degrees of variations for several parameters.
Parameters included: a) the mobility, in two gels, of
aliquots of a given isolant preparation digested with a 
given restriction endonuclease; b) the mobility, in one 
gel, of a given isolant preparation electrophoresed in 
three different positions (left, center and right sides
of the gel); c) the nobility, in one gel, of varying 
amounts of a given isolant preparation; d) the 
nobility, in one gel, of sanples of a given isolant 
prepared at different tines by the same procedure. All 
of these tests were compared both visually and 
digitally (using Bio Image [Hillipore] image analysis 
system) to detect degrees of variation. These tests 
are necessary to determine the degree of variation 
which is acceptable when typing a large number of H.
(£.) catarrhalis isolants using conventional gel 
electrophoresis, pulsed-field gel electrophoresis, and 
Southern blotting with probe hybridization.
Examination of discriminatory power. Each of the three 
typing methods was also assessed for its ability to 
provide discrimination between unrelated strains. In 
addition, combinations of the methods were also 
analyzed as to whether additional methods provide 
additional discriminatory power. This analysis was 
necessary to identify which, if any, method or 
combination of methods provided information which might 
be epidemiologically useful. An estimate of the degree 
of similarity among non-identical but similar, and 
dissimilar isolants also was determined. This estimate 
was necessary in order to suggest guidelines for 
determination of relatedness in clinical situations.
Examination of epidemiological value. The source of 
each isolant and physical location of the patient 
(community, domiciliary, or hospital ward location) at 
the time the specimen was obtained was recorded and 
analyzed to determine if there was any relationship in 
time and/or place between strains demonstrating 
identical electrophoresis patterns. This information 
was necessary to determine if any one or all of the 
methods employed yield information which might result 
in epidemiologically valid interpretations, and to 
indicate directions for future studies.
Limitations and Delimitations of the Study
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Limitations. Some of the factors which are not under 
investigator's control include: 1) the number of isolants
of Moraxella (Branhamella) catarrhalis retrievable from the 
frozen bank for the year under study; 2) information on 
source of patient isolants obtainable from microbiology 
records.
Delimitations. Some of the factors which are under the 
investigator's control include: 1) the selection of time
period for study; 2) selection and implementation of 
techniques of restriction endonuclease analysis.
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Objectives
1. To determine if restriction endonuclease and DNA probe 
analysis methods can yield reliable markers for the 
strain typing of Moraxella (Branhamella) catarrhalis 
for use in epidemiologic investigations.
2. To determine if the assessment of the relatedness of a 
large number of bacterial isolants is feasible and 
reproducible when using more than one gel or blot for 
analysis.
3. To employ several chromosomal DNA typing methods for 21* 
(fi.) catarrhalis which appear to be discriminating and 
which have been tested on a limited basis, to determine 
the applicability of these methods to a clinical 
situation, and to determine which of these methods or 
combination thereof provides the most appropriate 
discriminative power.
4. To suggest the grouping of strains of 21. (£.) 
catarrhalis for use in clinical situations, in order to 
indicate the likelihood that two isolants are of clonal 
origin. This organization into distinct relationships 
between strains of 21* (fi.) catarrhalis may indicate 
other characteristics that can suggest future avenues 
of investigation into the factors associated with 21.
(fi.) catarrhalis transmission.
Definition of Terras
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CHEF - Contour-clamped Homogeneous Electric Field - 
Homogeneous electrophoretic field that has uniform potential 
differences achieved by arranging multiple electrodes around 
a closed contour. The major advantage is the ability to 
separate high molecular weight fragments of restriction- 
digested DNA samples. Most CHEF units have a fixed 
reorientation angle of 60 or 120 degrees (Birren and Lai 
1993).
Epidemiology - The study of the distribution and 
determinants of diseases and injuries in human populations 
(Mausner and Bahn 1974).
Fixed-bin analysis - Utilizing the molecular weight 
standards employed in gel electrophoresis to assign the 
boundaries within lanes (bins) into which the DNA bands 
resulting from a given restriction endonuclease digestion 
will migrate. The presence or absence of bands within these 
bins are compared to the banding patterns of other strains 
of the organism to determine how closely the two strains are 
related (Budowle et al. 1991).
Nosocomial infection - An infection acquired by a patient in 
a hospital or other health care facility and in whom it was 
not present or incubating at the time of admission. This
13
definition includes the residual of an infection acquired 
during a previous admission, as well as infections acquired 
in the hospital but appearing after discharge, and also such 
infections among the staff of the facility (Benenson 1990}. 
For practical purposes, nosocomial infection is often 
defined as symptoms which appear more that 72 hours after 
admission to the hospital.
Pathogenicity - The ability of an infectious agent to cause 
disease in a susceptible host (Benenson 1990).
PFGE - Pulsed field gel electrophoresis - Any 
electrophoretic process that uses more than one electric 
field in which the electric fields are activated 
alternatingly (Birren and Lai 1993). This type of 
electrophoresis is capable of separating high molecular 
weight (over 50 kilobase pairs [kb]) fragments of DNA (see 
CHEF) .
Restriction endonuclease - An enzyme that recognizes 
distinct nucleotide sequences in DNA, and is able to 
hydrolyze linear or circular DNA at or near the recognition 
site. The activity of endonucleases contrasts with that of 
exonucleases, which require linear pieces of DNA and usually 
cleave the DNA at or near the terminus of the strand.
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REA - Restriction endonuclease analysis - Comparing the 
homogeneity or heterogeneity of DNA fragments resulting from 
restriction endonuclease digestion.
RED - Restriction endonuclease digestion - Incubation of DNA 
with a restriction enzyme which hydrolyzes the 
phosphodiester backbone of the DNA at specific sites which 
occur in well-defined nucleotide sequences, yielding 
different sizes of DNA fragments.
RFLP - Restriction fragment length polymorphism - A 
modification of restriction endonuclease analysis in which a 
labelled DNA probe, specific for a region near a variable 
region in the genome, is hybridized to the digested DNA. 
Resulting DNA banding patterns are compared to patterns from 
other strains of the same microorganism. Advantages include 
emphasis on variable regions of the genome which may not be 
apparent from REA (Schulte and Ferera 1993).
Virulence - The degree of pathogenicity of an infectious 
agent, indicated by the case fatality rates and/or its 
ability to invade and damage tissues of the host (Benenson 
1990).
CHAPTER 2 
Review of Literature
Moraxella (Branhamellal catarrhalis
History
First known as Micrococcus catarrhalIs, this 
microorganism was described by German scientist O. Seifert 
in 1682 with "influenza bacilli" in lung sections. In 1902, 
Ghon and Pfeiffer described ft. (£.) catarrhalis in diseases 
of the upper airways, febrile bronchitic illness, and 
bronchopneumonia. German microbiology textbooks of the late 
19th century referred to Micrococcus catarrhalis as a 
respiratory pathogen (Berk 1990).
From early this century until the mid 1970s H* (£•) 
catarrhalis was overshadowed in U.S. literature due to the 
interest in Streptococcus pneumoniae as a primary causative 
agent in bacterial pneumonia. In an article published in 
1921, J.E. Gordon describes a persistence of H. (£.) 
catarrhalis in patients following acute respiratory 
infections, as well as its presence in asymptomatic patients 
and normal controls. This observation led him to deduce 
that (fi*) catarrhalis was a "harmless saprophyte", which, 
along with increasing interest in £. pneumoniae as the 
principal cause of pneumonia, may have given rise to the 
designation of "nonpathogenic commensal" for M. (£.) 
catarrhalis. especially in the United States (Berk 1990).
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Moraxella catarrhalis1 microscopic similarity to 
Neisseria ggnorrhoeae. its habitat in common with Neisseria 
meningitidis, as well as its consideration as a commensal 
led to its reclassification in 1928 to Neisseria catarrhalis 
(Verghese and Berk 1991). Catlin suggested in 1970 that £» 
catarrhalis be transferred to the genus Branhamella in honor 
of Or. Sarah Branham, a prominent scientist in the field of 
neisseriae taxonomy (Wallace and Husher 1986). At the time, 
H* catarrhalis was still felt to be a clinically 
insignificant commensal of the human oropharynx* The new 
genus, Branhamella. was accepted and later listed in the 
1974 edition of Bergey's Manual of Determinative 
Bacteriology. Less than 10 years later, on the basis of DNA 
homology studies, Bovre suggested that the genus Branhamella 
be listed as a subgenus of Moraxella* and include coccal 
species, while subgenus Moraxella be designated for rod­
shaped species. This adaptation was included in the 1984 
edition of Bergey's Manual of Determinative Bacteriology. 
Many investigators continue to prefer the former 
identification of Branhamella catarrhalis. citing the 
awkwardness of subgenus designations, and the confusion of 
the abbreviation H, (£.) catarrhalis (suggesting the 
original genus Micrococcus; catlin 1990). Catlin suggests 
that retaining the name Branhamella serves to separate this 
microorganism from the much less pathogenic Moraxella 
species. In addition, Catlin proposes that a new family,
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Branhamaceae be formed and genera Branhamella and Moraxella 
be Included under this classification. Popular clinical 
usage continues to recognize both Branhamella catarrhalis 
and Moraxella catarrhalis as the designation for this 
microorganism.
Characteristics of M. fB.l catarrhalis
Gram stain of M* (EO catarrhalis reveals Gram-negative 
diplococci, similar to members of the genus Neisseria, in 
bronchopulmonary infections caused by this microorganism, 
microscopic examination of expectorated sputum that has been 
Gram-stained usually reveals abundant polymorphonuclear 
leukocytes, many mucus strands, and Gram-negative 
diplococci, which are usually extracellular and distributed 
along the mucus strands. These observations are very 
suggestive of M. (£.) catarrhalis. as other Neisseria 
species are infrequently associated with bronchopulmonary 
infections (Morello et al. 1991).
Overnight growth of M. (£.) catarrhalis on 5% sheep 
blood agar plates yields small (3-5 mm), whitish-gray, round 
colonies with smooth borders. A distinctive characteristic 
of these colonies is their cohesive nature; they can be 
pushed across the agar plate nearly intact, leading to the 
description of its "hockey puck" characteristic (Morello et 
al. 1991).
Biochemical characteristics that are used in the 
identification of M* (£•) catarrhalis include the production
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of oxidase and catalase. Unlike Neisseria species, however, 
this microorganism does not ferment glucose, maltose, 
lactose or sucrose. Production of DNase, butyrate esterase 
and reduction of nitrate are also used for identification of 
this species.
Pathogenic Potential
Because M. (fi.) catarrhalis is so similar 
microscopically to members of the genus Neisseria, both non- 
pathogenic and pathogenic, a great deal of confusion has 
resulted when patients exhibiting signs and symptoms of 
bacterial respiratory disease, with production of purulent 
sputum, were reported as having only normal flora on 
culture. Advances in medical and laboratory sciences, in 
addition to studies using transtracheal aspirates, have 
alerted physicians and technologists to define 
microscopically purulent sputum specimens as those with > 25 
polymorphonuclear leukocytes and < 10 squamous epithelial 
cells, and to regard these with greater scrutiny than those 
exhibiting an excess of oral epithelial cells and their 
associated Gram-negative diplococcal normal flora.
As early as 1966, new attention was given to ft. (£.) 
catarrhalis as a causative agent in acute otitis media in 
children. Zt has since been accepted as a primary pathogen 
in pediatric sinusitis in addition to otitis media. Since 
the late 1970s there have been an increasing number of 
reports of the pathogenic nature of H* (B*) catarrhalis in a
wide spectrum of diseases (Harchant 1990). Frequently, £. 
(£.) catarrhalis appears as a pathogen of the respiratory 
tract causing several diseases, including, but not limited 
to, bacterial tracheitis, sinusitis, and otitis media in 
children, as well as tracheobronchitis, and less commonly, 
pneumonia, in immune-suppressed or debilitated (frequently 
elderly) patients. H. (£.) catarrhalis has been isolated 
infrequently from patients with diseases of other systems 
including bacteremia, meningitis, septic arthritis, and 
endocarditis, suggesting a hematogenous route of infection 
(Catlin 1990).
Current interest in £. (£.) catarrhalis results in part 
from the increasing recognition of the occurrence of this 
organism isolated alone or in association with more well- 
defined pathogens. In addition, when characterized prior to 
1970, evidence of penicillinase activity was reported as 
negative in all isolants tested. Sporadic cases of 
penicillinase-producing strains began to appear in the 
1970s, so that 10% of pulmonary isolants from a study by 
Ninane and coworkers reported in 1978 were /9-lactamase 
positive (Barreiro et al. 1992). Recent (1991-1992) survey 
analysis found /3-lactamase production in 89% of £. (£.) 
catarrhalis survey isolants (n°411) from 162 participating 
centers throughout the United States (Brown et al. 1993). 
Perhaps in part due to acquisition of /9-lactamase activity, 
an increasing percentage of all isolants from middle ear
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fluid are H* (£*) catarrhalis. since the first report of its 
occurrence in otitis media (7% in 1966 to 20% in 1989;
Catlin 1990). The enzyme 0-lactamase produced by H. (£.) 
catarrhalis appears to be constitutive, non-plasmid 
mediated, and unique in structure from 0-lactamases found in 
other microorganisms. Current reports of 0-lactamase 
production in clinical isolants of U. (£.) catarrhalis range 
from 20% to 90% (Doern 1990).
As yet, definitive data on the transmission of (£.) 
catarrhalis in either adults or children are unavailable. 
Ahmad and coworkers (1985) found that this microorganism was 
recoverable from environmental sources via settle plates. 
Other experiments by these investigators indicated that tf. 
(£.) catarrhalis can survive in the laboratory sputum 
specimens for up to three weeks. Whether the predominant 
source of infective microorganisms is by person-to-person 
contact or from sharing the same environment is unclear, and 
remains to be elucidated.
Possible virulence factors described as occurring in 
H. (£.) catarrhalis include; the presence of pili 
(fimbriae), which may be associated with adherence to the 
host cells; the presence of other adhesins; endotoxin 
production; histamine production; and membrane-associated 
proteins that bind human lactoferrin and human transferrin, 
permitting iron utilization by the bacterium (Catlin 1990). 
other host/bacterial cell interactions that may contribute
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to the enhanced pathogenicity of H. (£.) catarrhalis include 
resistance to killing by normal human serum (Jordan et al. 
1990), and H. (fi.) catarrhalis binding of the complement 
component Clg without benefit of specific antibodies, which 
may lead to impaired complement activation, resulting in 
defective bacterial opsonization and destruction (Catlin 
1990).
Typing Methods
General Typing Methods
Requirements for typing organisms for epidemiologic 
investigations differ somewhat from the routine typing used 
for speciation or for determination of pathogenicity. With 
routine typing, the bacterial isolant may be identified as 
to its group affiliation, to indicate or approximate the 
species designation. For example, Streptococcus species 
from pharyngitis is identified as to whether or not it is 
Group A, indicating £. pyogenes. a non-commensal, pathogenic 
species. Investigation of nosocomial outbreaks, however, 
requires that the typing system be sensitive enough to 
differentiate between strains of different clonal origins 
within a species, as well as be more specific than routine 
typing. Many investigators refer to this within-species 
typing as "sub-typing".
Serotyping, which relies on the surface antigens 
present on an organism, has been investigated and used for
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the study of M. (£.) catarrhalis isolants. In 1990, 
Vaneechoutte and coworkers, using antisera raised against 16 
strains of £. (£.) catarrhalis. developed an inhibition 
ELISA (enzyme-linked immunosorbent assay) to determine the 
lipopolysaccharide (LPS) antigenic differences in 302
*
isolants of H* (£.) catarrhalis from all over the world. 
After antisera were absorbed with whole cell suspensions of 
the strains to be tested, residual activity of the sera 
against homologous LPS was determined. Strains with >90% 
reduction in activity were considered the same antigenic 
type. They found that 93% of the isolants fell into three 
major LPS groups, yielding no clinical or geographic 
relationships. Typing by LPS groups was determined to have 
limited value in an epidemiologic investigation.
In most cases, the use of rapid typing methods depends 
on the phenotypic expression of certain characteristics. 
Soto-Hernandez and co-workers (1989) investigated several 
phenotypic characteristics including hemagglutination, serum 
bactericidal activity, 0-lactamase production and antibiotic 
susceptibilities in £. (£.) catarrhalis. These 
investigators attempted to correlate these phenotypic 
attributes with the severity of disease (colonization vs. 
bronchitis vs. pneumonia) in a particular patient. These 
investigators were able to successfully predict the disease 
association of the pathogen in 17 of 27 cases based on
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resistance to trypsin digestion by disc diffusion assay and 
ampicillin minimum inhibitory concentrations (HICs).
Biochemical profiling (biotyping) uses the phenotypic 
expression of specific characteristics, such as enzyme 
production, for strain differentiation. Using enzyme 
production with rapid typing as the goal, Peiris and Heald 
(1992) suggested 20 enzymes out of 89 tested from an API 
ZYM(R} research kit for use in a rapid panel for typing H.
(fi.) catarrhalis. Of 49 isolants from a variety of clinical 
sites and diseases, 17 patterns were identified, with one 
isolant not typeable by this method. Paired isolants in the 
test group yielded the same or very similar patterns. 
However, there was no clinical correlation between biotype 
and the associated disease reported.
Another common typing method, used frequently in 
epidemiologic investigation of suspected nosocomial 
infections, is antimicrobial susceptibility testing, known 
as antibiotyping or resistotyping. For example, 
Staphylococcus aureus is routinely tested for methicillin 
(or oxacillin) resistance. In general, the sensitivity 
pattern to ampicillin indicates the susceptibility profile 
of M. (BO catarrhalis. possibly due to its constitutive 0- 
lactamase production. Those isolants which are resistant to 
ampicillin appear resistant to all 0-lactam antibiotics, 
showing little or no variability (Berk 1990).
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Although bacteriocln typing has been applied to fi. (fi.) 
catarrhalis. it was considered unsuccessful (Catlin 1990). 
Likewise, bacteriophage typing with this microorganism has 
not been reported favorably (catlin 1990).
Holecular_Tvpinq Methods
Protein-based Typing Methods. Investigators have 
suggested a number of typing methods to distinguish strains 
of fi. (fi.) catarrhalis. Many of these methods have proven 
incapable of providing strain differentiation adequate for 
epidemiologic value (Bartos and Murphy 1988, Picard et al. 
1989), although they have demonstrated characteristics that 
are specific for fi. (fi.) catarrhalis. which may be useful in 
quick identification tests.
Outer membrane proteins have been analyzed and found to 
be highly conserved and homogeneous throughout the 
Branhamella subgenus of Moraxella (Bartos and Murphy 1988). 
Although this homogeneity renders typing by outer membrane 
proteins of little use for epidemiology, it does suggest 
that an effective vaccine could be produced, and that outer 
membrane proteins could be used for production of a rapid 
identification test for fi. (fi.) catarrhalis.
Esterase electrophoresis employs the variation in 
electrophoretic mobility of ester-hydrolyzing enzymes 
produced by the organism under investigation. Picard and 
co-workers (1989) found 34 distinct esterase types among 80
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isolants of M. (£•) catarrhalis tested by polyacrylamide gel 
electrophoresis (PAGE). Some esterase types occurred more 
frequently than others: 15 isolants were identified as
being members of type 21, while 10 isolants were classed as 
type 20, and single isolants were identified for other 
types. This method gave results which were readily 
reproducible, but the authors felt that the frequency of 
certain esterase types (discriminatory power) may limit the 
usefulness of this technique in investigation of nosocomial 
outbreaks.
Nucleic Acid-based Typing Methods. Ribosomal DNA 
analysis (ribotyping) is targeted to the portion of the 
bacterial genome which codes for the 16s and 23s ribosomal 
RNA (Stull et al. 1988). Because these regions of the 
genome consist of very highly conserved regions of DNA, 
which flank variable regions across a species, probes 
directd against these regions can be applied to a large 
number of species, and allow for subtyping within a species. 
The main disadvantages of the procedure include its labor 
intensity and expense. Although very reliable and, in some 
cases, the only method available for sub-typing a species, 
ribotyping is currently too labor intensive to be useful on 
a routine clinical basis (Denamur et al. 1991).
Plasmid detection and plasmid restriction endonuclease 
typing are widely used DNA-based typing methods, and have 
been successfully employed in the typing of a variety of
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organisms, especially Enterobacteriaceae. Staphylococcus 
species, and other pathogens (Pfaller 1991). Plasmid 
analysis, however, has little value in the typing of fi. (fi.) 
catarrhalis due to the infrequent occurrence of plasmids in 
H. (£•) catarrhalis (Patterson et al. 1988).
Because chromosomal DNA occurs in all microorganisms, a 
technique for its use in typing has been developed for a 
variety of bacteria. Until recently, one of the major 
problems with chromosomal DNA-based typing has been the 
large number of the DNA fragments produced when the DNA is 
digested with frequently-cutting restriction endonucleases. 
On standard gel electrophoresis, this is evident as numerous 
low molecular weight bands which are difficult to identify 
and interpret as similar. Utilizing less frequently-cutting 
endonucleases with pulsed-field gel electrophoresis (PF6E) 
solves part of the problem by producing simpler 
electrophoretic patterns which contain fewer DNA fragments 
which are of higher molecular weight.
Several investigators have found restriction 
endonuclease typing of chromosomal DNA to be simple, 
reproducible, and highly discriminating (Pfaller 1990). 
Advantages are broad applicability, achievement of results 
in a clinically relevant time period, and independence from 
radioactive or limited-avaliability reagents. Disadvantages 
include technical difficulty of DNA extraction, incomplete 
digestion of DNA by restriction endonucleases, and
variations in results of gel electrophoresis from one run to 
the next, which limit between-gel comparisons. In his 1990 
review article of Branhamella catarrhalis. Catlin suggested 
that "future research efforts should address standardization 
of DNA typing methods, including selection and number of 
restriction enzymes, electrophoretic conditions, . . . and 
methods of analysis" (Catlin 1990). This study addresses 
these issues.
Restriction Endonuclease_Tvpinq In M. (B.) catarrhalis. 
The first study using restriction endonuclease analysis with 
standard gel electrophoresis in H. (fi.) catarrhalis was 
reported by Patterson and co-workers (Patterson et al.
1988). A nosocomial outbreak in an Intermediate care ward 
in a Veterans Hospital produced respiratory symptoms in both 
patients and staff members. Four cases of bronchitis and 
four cases of pneumonia were investigated. Using Pst I,
Hind III and Hae III (see Appendix B for cutting sites of 
all referenced restriction enzymes), these investigators 
were able to identify seven identical strains from 13 
isolants of H. (£.) catarrhalis from all patients and staff 
cultured. DNA preparations of two of the 13 isolants were 
not digested by any of the enzymes, even though the 
preparations were repeated several times. In 1989, these 
investigators reported a number of enzymes that were 
screened for use with H. (fi,) catarrhalis. Those tested 
included Hae III, Hind III, Pst I, Cla I, Ava I, EcoR I, and
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M sp I. Of these, Hae III was determined to be the "most 
definitive" of those tested for differentiation using 
standard gel electrophoresis, although their testing 
criteria for this analysis were not defined (Patterson et 
al. 1989).
Dickinson and co-workers (1988) performed restriction 
endonuclease analysis on H. (fi.) catarrhalis recovered from 
pediatric patients with otitis media. Hypothesizing that 
benign commensal organisms may exist as normal flora while 
different strains are present in the ear as middle ear 
pathogens, the investigators cultured both the nasopharynx 
and the middle ear fluid of seven children with otitis media 
in nine episodes, and recovered 17 isolants. Restriction 
endonuclease analysis of these isolants revealed that seven 
of the eight isolants from the middle ear fluid exhibited 
identical patterns to those from the same patient's 
nasopharynx. Only one pair differed by restriction 
endonuclease analysis. All isolants analyzed were unique 
from patient to patient, with the exception of two identical 
isolants with no apparent epidemiological link, suggesting 
no transmission of the microorganisms between patients had 
occurred. These investigators used five enzymes for 
analysis in standard gel electrophoresis. Pst I and cla I 
produced complete digestion and gave similar results for all 
isolants. The enzymes EcoR I, BamH I, Hind III all gave 
incomplete digestion for the isolants involved.
Denamur and associates (1991) reported a comparison of 
restriction endonuclease typing methods in horizontal gel 
electrophoresis for H. (fl.) catarrhalis. Restriction 
endonucleases £g£ I, £sqR V, lag I, Hag III, and Hlnf I were 
all tested, with Hlnf I judged to give the most distinct 
pattern. While both Tag I and Hae H I  also yielded 
distinguishable patterns, both Pst I, and EcoR V produced a 
smear on electrophoresis. Restriction patterns were 
compared to esterase types to determine if the two typing 
methods showed the same level of differentiation. Using a 
combination of the five patterns to yield an overall strain 
type, the investigators found that of the 20 esterase types, 
20 overall restriction patterns were produced. Each 
individual restriction endonuclease yielded between four and 
seven patterns for the set of 20 esterase types, suggesting 
that use of a single restriction endonuclease was 
insufficient for compete differentiation.
Using tetracycline-resistant strains from H. (£.) 
catarrhalis outbreaks in both England and Texas, Roberts and 
co-workers (1991) used restriction endonucleases in CHEF 
(contour-clamped homogeneous electric field) 
electrophoresis, a form of PFGE. Of the three enzymes used, 
Soe I, Eaq I, Xho I, the enzyme Xho I demonstrated variation 
between two tetracycline-resistant (Tcr) strains from 
England and two Tcr strains from Texas. Although 
restriction endonuclease analysis suggested that the two
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isolants originating from each geographic region were 
clonally related only within each group and not between 
regions, this study represented a relatively small number of 
isolants for evaluation.
Zn 1992, McKenzie and co-workers reported typing of 
hospital isolants of H. (fi.) catarrhalis by whole cell 
protein SDS-PAGE, immunoblotting, and restriction 
endonuclease analysis (REA). These investigators found two 
strains indistinguishable by REA with Tao I, but different 
by SDS-PAGE and immunoblotting. The restriction endonuclease 
Tag I gave 5-7 bands in the high molecular weight region 
which were easy to compare. The results suggested that more 
than one enzyme be used to confirm groupings, and that no 
single method is wholly effective for the distinction 
between strains of M- (B.) catarrhalis.
Species-specific DNA probes have been developed in 
other laboratories for H* (fi.) catarrhalis (Beaulieau et al. 
1993). Investigators in our laboratory have developed a 
strain-specific DNA probe, enabling differentiation between 
strains of H. (fi.) catarrhalis (Reagan et al. 1992). DNA 
probes are useful in strain typing because they bind to 
specific sequences in the DNA after it has undergone 
restriction endonuclease digestion. The DNA banding 
patterns produced by restriction endonuclease digestion and 
gel electrophoresis of the whole genome are usually less 
complex when detected with strain-specific probes than when
visualized by ethidium bromide staining. The disadvantages 
of probe analysis include an additional two-to-three days 
required to complete the analysis, cost of additional 
reagents and X-ray film, and possible decreased 
discrimination resulting from visualization of fewer bands. 
The strain-specific probe (M46) developed in our laboratory 
has been demonstrated to provide discriminating information 
on seven paired fi. (fi.) catarrhalis isolants from the 
Infectious Diseases collection, as well as four ATCC type 
strains of fi. (fi.) catarrhalis (Reagan et al. 1992). The 
M46 DNA probe is a 3.6 kb portion of DNA from fi. (fi.) 
catarrhalis ATCC type strain #25238. The sequence of this 
probe has been partially elucidated by Dr. Robert Preston 
and coworkers at the University of Pittsburgh 
(communication).
In selecting two restriction endonucleases for the 
PFGE, previous laboratory data from the ETSU Infectious 
Diseases Lab were analyzed to determine which enzymes might 
give the best results for the parameters being tested. More 
than ten restriction endonucleases were screened for their 
ability to digest fi. (fi.) catarrhalis DNA which had been 
agarose-embedded (Reagan and Griggs 1992, unpublished data). 
The results of this review are presented in Table 1. It was 
determined from these preliminary tests that Bol II produced 
a level of DNA digestion that would be useful for this 
investigation. Additional experimentation revealed that the
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Table l. Restriction endonucleases tested for ability to 
digest agarose-embedded H. (fi.) catarrhalis DNA.
Restriction endonuclease Digestion results
Apa I no digestion
Pst I small bands
Sal I limited digestion
Sroa I limited digestion
Bal II clear mid-range bands
Sft I numerous bands
Xba I few, indistinct bands
Soe 1 numerous bands
xho I smear
Mlu I variable digestion
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enzyme Pme I would also produce clear mid-range molecular 
size bands that could be easily interpreted. Additionally 
Hae III was used with horizontal gel electrophoresis because 
of its consistent ability to produce low-molecular weight 
fragments for use with the M46 probe.
Data Analysis in DNA Typing
Types of Analysis
Until recently, the analysis of DNA digests from 
bacteria and other microorganisms has been more an art form 
than a science. This has resulted inthe opinion that 
between-gel comparisons may not be made because multiple 
parameters, such as agarose concentration, electrophoresis 
run time, and DNA concentration, which are subject to minor 
changes with each gel, must remain constant in order for 
these comparisons to be reliable. Several investigators 
have suggested application of DNA restriction endonuclease 
analysis and DNA probe techniques used on human genome 
testing performed primarily for forensic applications 
(Budowle et al. 1991).
Several researchers have suggested more scientific and 
standardized methods than visual observation of similarities 
and differences for analyzing gel banding patterns from 
restriction endonuclease digestion (Chakrabaty and Hatar 
1993). Electronic scanners which digitize the photographic 
image of the gel have been used to analyze these patterns.
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The advantages o£ digital analysis include increased 
objectivity, and reduced tine to analyze inages. While this 
technique produces a well-defined representation of the 
data, it is also subject to sone of the sane biases as the 
investigator who analyzes the data, that is, distinguishing 
between real bands and artifacts. There is also 
considerable expense involved in a computerized digital 
analysis system. The present study utilizes both visual and 
digital methods as part of the analysis procedure.
Reproducibility, typeability, and discriminatory power 
have been described as the three main characteristics of any 
typing method which must be assessed to determine the value 
of that typing method (Hunter 1990). Typeability is defined 
as the proportion of the population to which a type marker 
may be assigned. The proportion of strains which repeatedly 
give results of the same type is the reproducibility 
percentage. The ability of a given method to distinguish 
between two unrelated strains is referred to as its 
discriminatory power. Although these characteristics have 
been defined for a wide variety of typing systems, they have 
been rarely reported for typing systems involving 
restriction endonuclease analysis of bacterial chromosomal 
DNA.
Woods and coworkers (1992), in order to mathematically 
distinguish between non-identical strains for use in 
comparing strains of citrobacter diversus. described the use
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of the coefficient of similarity (SimC). These comparisons 
between two DMA banding patterns allowed the presence or 
absence of up to two DNA bands (a two band difference) 
before an isolant was considered different from another by 
visual inspection* The coefficient of similarity, as shown 
here,
k k
SimQu, - I j (a, + b, - \at - fc,])/E {at + bt)
M  /-I
where at and b, represent the presence (1) or absence (0) of 
bands in lanes A and B and estimates the similarity between 
the two patterns. The range of this value (similarity 
coefficient; SimC) is between 0 and 1.0, with 1.0 indicating 
complete identity between two banding patterns, thus 
indicating clonal origins. These relationships were applied 
to define a working definition of relatedness in M. (fi.) 
catarrhalis in the present study.
Ubb of Tvoina Data for Future Projects
Certain families of clones of a species may be 
distinguished by virulence potential. Husser and coworkers 
(Selander and Husser 1990) utilized several typing methods 
to develop the relationship between 14 clusters of 
encapsulated Haemophilus influenzae. Using serotypes, outer 
membrane protein types, and restriction fragment length 
polymorphisms for the region of the genome which codes for
the capsule (the cap gene), a dendrogram was produced vhlch 
demonstrated two major phylogenetic divisions in this 
organism. Evidence of differences in virulence of identical 
serotypes was demonstrated between the two divisions, with 
those clones from serotypes a and b from division I causing 
more serious infections than the same serotypes from 
division II (Selander and Husser 1990). Other such 
relationships have been described for Staphylococcus aureus 
strains causing toxic-shock syndrome, Neisseria 
meningitidis, and Streptococcus aoalactiae (Selander and 
Musser 1990). Analysis of data from the fi. (fi.) catarrhalis 
isolants examined in the present study may lead to 
recognition of factors which suggest directions for further 
investigation of the virulence potential of M. (fi.) 
catarrhalis and its association with identified genotypic 
characteristics.
CHAPTER 3 
Research Design
Materials
Detailed descriptions of solutions and buffers used in 
the isolation of chromosomal DMA of Moraxella (Branhamella  ^
catarrhalis. both standard and pulsed-field gel 
electrophoresis! transfer of DNA to nylon membranes and 
hybridization of the M46 probe may be found in Appendix A.i.
Methods
The present study used banked H. (fi.) catarrhalis 
strains isolated from the patient and employee population at 
the Mountain Home VA Medical Center. These isolants were 
examined for genetic relatedness using several methods, as 
will be described. Methods were developed to determine 
relatedness of isolants by comparison of the DNA banding 
patterns on different electrophoretic gels. Frequently 
occurring banding patterns were identified and compared 
those patterns from isolants from outpatients, as well as 
ATCC type strains. Detailed procedures for the techniques 
used can be found in Appendix A.2 - A.6.
Specific Procedures
After withdrawing fi. (fi.) catarrhalis isolants from the 
bank, their species identity and 0-lactamase production were
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verified using API QuadFerm+ <#) (Analytab Products, Division 
of Sherwood Medical, Plainview, NY). The Cefinase disc test 
(BBL, Division of Beeton Dickenson, Cockeysville, MD) was 
used to retest isolants with ambiguous 0-lactamase results. 
DNA from the isolants was stabilized in an agarose gel 
matrix (see Appendix A.2) and treated with specified 
restriction endonucleases fHae III, Bel II and Pme I, 
Appendix B). Gel slices containing restriction-digested 
isolant DNA were subjected to both standard horizontal and 
pulsed-field gel electrophoresis (PFGE) to yield banding 
patterns of DNA fragments. The restriction patterns were 
analyzed by two methods using photographs of the gels: 1)
visual inspection of the photographs for identical DNA 
banding patterns; and 2) digital scanning and analysis of 
the photographs to determine relatedness between tested 
isolants on the same and on different gels.
Chromosoma1_DNA_Preparation. Strains of H. (£.) 
catarrhalis were grown overnight in Todd-Hewitt broth 
(Difco, Detroit, MI). Cells are pelleted by centrifugation 
and washed once with normal saline. The cells were 
suspended in equal volume with 2% melted InCert agarose (FMC 
Bioproducts, Rockland, ME) and allowed to solidify in gel 
forms, one millimeter slices of the cell-containing gel 
("plugs"} were placed into a lysis buffer (Appendix A.l) 
containing detergents and ethylenediamine tetracetic acid 
(EDTA, Fisher Scientific, Fair Lawn, NJ) (EC Lysis Buffer)
and incubated with gentle shaking at 37°C for four hours.
The slices were washed in Tris (THAM [Tris (hydroxymethyl) 
aminomethane], Fisher Scientific, Fair Lawn, NJ)-EDTA buffer 
(TE Buffer). Each preparation and incubated at 50°C 
overnight in a solution of 100 ul of 20 mg/ml stock 
proteinase K (Promega Corporation, Madison, HI) in a 
detergent-EDTA buffer (ES Buffer). The slices were washed 
four times in TE buffer, and individual slices were selected 
for equilibration in a pre-digestion buffer, the composition 
of which varied depending on the restriction enzyme to be 
used subsequently.
Restriction Endonuclease Digestion. After the slices 
of the agarose-embedded DNA (plugs) were washed in a pre­
digestion buffer, a digestion solution was prepared. This 
digestion solution contained a buffer compatible with high 
activity of the restriction enzyme, as recommended by the 
manufacturer (Promega Corporation, Madison, HI, and New 
England Biolabs [NEB], Beverly, MA), RNase (Sigma Chemical 
Company, St. Louis, MO), sterile distilled water, bovine 
serum albumin for Pme I (NEB, Beverly MA), and the 
recommended number of units of the appropriate enzyme. The 
solution was aliquoted into 96-well plates (50ul/gel plug) 
and the gel plugs containing different isolant DNA were 
added to the wells. The plate was incubated for the time 
and appropriate temperature, as recommended by the supplier 
for that enzyme, and then removed for preparation of the gel
for electrophoresis. For the enzyme Bui II, the digestion 
solution contained 5 units of enzyme for each DNA gel plug, 
which was incubated at 37°C overnight (18 hours). The 
digestion solution for Pme I included 7 units of enzyme per 
DNA gel plug, and, as recommended by the supplier, was 
stored overnight at 4°c to allow the enzyme to diffuse into 
the agarose of the plug, then incubated for four hours at 
37°C. The digestion solution for enzyme Hae III required 36 
units per gel slice, and an incubation temperature of 37°c 
for four hours.
Preparation_of_jthe_Jtoarose Gel for Electrophoresis. 
SeaKem GT6 agarose (FMC Bioproducts, Rockland, HE) was added 
at a final percentage of 1% to a 0.5x solution of 
electrophoresis running buffer (Tris-Boric Acid-EDTA,
[TBE]), and waB mixed and heated until boiling and 
thoroughly molten. The container was placed at 50°c until 
immediately prior to pouring the gel. Gel plugs were 
removed from the digestion solution and placed on the teeth 
of the gel comb, along with the appropriate size markers. 
Molecular weight markers were added to the left-most and 
right-most wells of each gel. The marker used with fisl II- 
digested DNA was a low-range molecular weight marker (Low- 
Range PFG Marker, NEB, Beverly, MA) with fragments from 0.1 
to 242.5 kb. The Lambda Ladder PFG Marker (NEB, Beverly,
MA) which contained DNA markers from 48.5 to 1018.5 kb was 
used for gels with Pme l-digested DNA. The excess moisture
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was removed from each plug and the comb was positioned in 
the gel-casting form. The 1% molten agarose gel mixture was 
first tempered in a 37°c water bath for three minutes, then 
poured into the gel casting apparatus, using care not to 
disturb the plugs positioned on the gel comb. The gel was 
allowed to harden for 20 minutes, the comb was removed and 
the resulting wells were filled with molten 1% agarose.
Fulsed-Field Gel Electrophoresis. The running buffer 
(0.5x TBE) was added to the CHEF DRIX* PFGE chamber (BioRad, 
Hercules, CA) and the temperature set to the appropriate 
electrophoresis temperature for that enzyme (15.2°c for Bol 
II, 18°C for Pme I). The gel was added to the PFGE chamber 
and allowed to equilibrate to the running temperature 
(approximately 30 minutes). Once equilibrated, the 
electrophoresis parameters were set, including beginning and 
ending pulse times ( 3 - 7  seconds for Bol II, 5 - 1 0  seconds 
for Pme I) duration of the electrophoresis run (22 hours), 
and total voltage (200 volts).
Photographing the Gel. After the electrophoresis was 
completed, the gel was stained in a solution containing 
0.5ul/ml of ethidium bromide (Sigma, St. Louis, HO) in 
distilled water for 20-30 min. The gel was destained in 
distilled water for up to 1 hour, with several wash changes. 
The gel was photographed using transillumination with UV 
light at 300 nm to illuminate the position of the DNA bands.
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A positive-negative photograph was produced to allow 
enlargement of the photograph for further analysis of the 
DNA bands, if necessary.
Preparation of the M46 Probe. The M46 probe was 
prepared using the Genius Kit (Boerhinger Mannheim, 
Indianapolis, IN) and DNA kindly supplied by Dr. Elaine 
Walker. This method incorporates digoxigenin linked to 
deoxyuridine triphosphate into the new complementary probe 
DNA. When the probe binds to the membrane-bound DNA, the 
digoxigenin acts as a receptor for anti-digoxigenin alkaline 
phosphatase.
Horizontal Gel Electrophoresis and Southern Blot.
After DNA samples were digested using the restriction 
endonuclease, Hae III, they were embedded into a 1% agarose 
gel using Ix TBE buffer, as described above. Molecular 
weight markers used for this analysis were derived from 
plasmid DNA and ranged from 36 base pairs (bp) to 2645 bp 
(pGEM Marker, Promega, Madison, WI). The gel was 
electrophoresed using standard horizontal gel 
electrophoresis for 18 hours at 35 volts. The gel was then 
stained and photographed, as described above. Following 
alternate depurination (hydrolysis) of the DNA with 0,25 M 
HCl for ten minutes and denaturation of the DNA in the gel 
with 1.5 M NaCl and 0.5 M NaOH for 15 minutes (repeated 
once), the gel was soaked in transfer buffer (Appendix A.l)
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and applied to a nylon membrane (Nytran, Schleicher and 
Schuell, Inc., Keene, NH). The DMA was transferred from the 
gel to the membrane and fixed following the procedure in 
Appendix A.3. The H46 probe was hybridized to the membrane- 
fixed DNA (Appendix A.4). The probe was visualized using 
anti-digoxigenin alkaline phosphatase (ADAP) linked to the 
probe DNA and LumiPhos (Boehringer Mannheim, Indianapolis, 
IN}, a luminescent chemical reagent (Appendix A.5). A sheet 
of X-ray film (Kodak XOMAT AR, Sigma, St. Louis, MO.) was 
exposed to the acetate-enclosed membrane. The X-ray film 
was developed (Appendix A.6) in order to visualize the 
location of the hybridized probe.
Data Collection
Gels were photographed using Polaroid Type 665 
positive/negative film and Polaroid Type 667 positive film 
(Blue Ridge Photo, Johnson City, TN). Southern blot data 
were recorded using non-radloactive chemiluminescent images 
on Kodak XOMAT AR X-ray film (Sigma, St. Louis, MO).
Specimen acquisition logs from the Microbiology Department 
of the Laboratory Services at the VAMC were used to 
determine patient location at the time a specimen yielding 
H- (£.) catarrhalis was collected.
Treatment of the_Data
Visual analysis of the data identified exact matches in 
both PFGE patterns and Southern blot patterns. A modified
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fixed bin analysis was used on 10% sample. Image analysis 
software (Bio Image, Millipore, Ann Arbor, HI) was used to 
analyze relationships between specific lanes, as well as 
performing whole band analysis, which reported molecular 
sizes for each band. Lane match reports from this software 
for the same 10% sample as used for the fixed-bin method 
were then compared.
Visual Analysis. Visual analysis of the M46 DNA probe 
hybridization for the Hae III digests of H- (£•) catarrhalIs 
strains was accomplished in the following manner. The 
migration distance of all bands resulting from probe 
hybridization and exposure to X-ray film were measured in mm 
from the origin. The migration distance of the standard 
markers (pGEM) were also measured and plotted on 2 cycle 
semi-log graph paper against the known size in base pairs 
(bp) with the size on the vertical axis and the millimeters 
(mm) traveled on the horizontal axis. The line of best fit 
was estimated manually. Bands from the isolants were then 
compared to the resulting line and sizes of the resulting 
fragments (in bp) determined according to the standard line.
nThe proportion of a population of distinct strains 
that can be assigned a type marker by that method” defines 
the typeability of a method (Hunter 1990). The typeability 
of each technique was determined by ascertaining the number 
of differentiable strain types yielded by that method.
The reproducibility of each method, defined as the 
proportion of strains that are typed the same on repeated 
testing, was examined using three perspectives: the overall
reproducibility; the variability; and the reliability of 
each technique. The overall reproducibility was determined 
by examining the DNA band migrations for different DNA 
preparations over time, and electrophoresed on the same 
and/or different gels. The second aspect of the 
reproducibility issue, the variability from one preparation 
to another, was determined by measuring the migratory 
distance for a given set of electrophoresis parameters 
relative to the migrations of replicate preparations with 
varying concentrations of DNA. The reliability of each 
method was determined by the ability of that method to give 
repeated complete digestions of the DNA.
The discriminatory power is defined as an estimate of 
the method's ability to differentiate between two unrelated 
strains. Hunter's modified version (Hunter 1990) of 
Simpson's diversity index was used with electrophoresis 
patterns to evaluate the discriminatory power (£) of a 
method. This equation is as follows:
w
D  = 1- 1 S  aj
N ( N - 1 )  M
where flj is the number of strains in the population which 
are indistinguishable from the ith strain and H is the 
number of strains in the population.
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In order to further delineate the relationships between 
non-identical strains, a number of strains were compared for 
their coefficient of similarity (SimC) as described by Hoods 
and coworkers (1992), using a modified fixed-bin analysis. 
The fixed bin aanalysis uses the sire markers to describe 
the limits of the bin. In the modification of this method, 
the bins are further subdivided for ease in determining 
similarity between bands in a pattern. The Simc describes, 
in numerical terms, how closely related two strains are by a 
given method. The equation is as follows:
k k
SimQu, = E  (a, + bt - [a, - i,])/E (a{ +  b,)
M  M
where a and fe represent the presence (1) or absence (0) of
bands in patterns A and B, and where simCs approaching 1.0
represent the most closely related strains. For simplicity, 
the SimCs in this study were converted to percentages.
Computer (Digital) Analysis. Using a Texas 
Microsystems 9100 Base station (Houston,TX), a Howtek 
Scanmaster 3+ (Hudson, NH), a Sun operating system (Sun 
Microsystems, Mountain View, CA), and the Bio Image* Whole 
Band Analyzer software (Millipore, Ann Arbor, MI), 
photographic images of the gels were scanned and analyzed 
digitally. Lanes and DNA bands were identified and marked, 
as were standard markers for each gel photograph. The 
software generated reports based on the estimated migration
distance and corresponding molecular weight of each DNA 
band. Types of reports used for the present study included 
lane match reports, band match reports, and dendrograms 
which generated trees to illustrate the similarity between 
sets of lanes.
CHAPTER 4 
Results
Demographics 
The population from which Isolants of H. (£•) 
catarrhalis were obtained included those patients seeking 
care at the Mountain Home Veterans' Administration Medical 
Center (VAMC) during the year 1 July 1907 through 30 June 
1988. The patient population is predominantly elderly male 
veterans. The patient sample from which isolants were 
obtained was exclusively male, with a mean age of 65.4 years 
(S.D. 11.3, range 27 to 95 years). Bacterial isolants were 
obtained from in-patients which included those on hospital 
wards, domiciliary units (doms) and nursing home care units 
(NHCU). Additionally, outpatients in the admitting office 
(emergency room), patients in the outpatient clinics, and 
one employee (eg., for pre-employment screening), also 
provided specimens from which H* (£.) catarrhalis was 
isolated. The ward in which the patient was housed, the 
type ward, the number of M. (£.) catarrhalis isolants, and 
the number of isolants used in the study are indicated in 
Table 2.
Additional information about the patient isolants, 
collected from laboratory records, computerized patient 
records and a review of selected patient charts, included 
the following: the date and type of clinical specimen
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Table 2. Distribution of patient isolants by location.
Location
Total
Tvoe isolants
Number
viable
Hard 1 Hedica1/Respiratory 29 27
Hard 2 Medical/Oncology 13 11
Hard 5 Medical/Gastroint. 13 12
Hard 6 Medical/Cardiology 17 14
Hard 8 General Medical 19 17
Hard 10 Psychiatric 3 3
Hard 16 Intermediate Care 5 4
Hard 17 Intermediate Care 19 19
ICU Intensive Care Unit 10 8
SICU Surgical ICU 2 2
DOM Domiciliary 20 17
NHCU Nursing Home Care Unit 3 3
ENT Ear-nose-throat Clinic 3 2
AO Admitting Office 20 17
Other Hards 14 & 15, Surgery 2 2
Employee Pre-Employment Physical 1 1
Total n = 179 159
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(e.g.sputum) obtained; the presence of other microorganisms 
which were isolated and identified; and whether the H. (£.) 
catarrhalls isolant produced the enzyme 0-lactamase.
Figure 1 shows that the number of H. (£.) catarrhalls 
isolants from the one-year period demonstrated a normal 
seasonal increase, with the peak occurring during the late 
winter-early spring months.
Table 3 lists the microorganisms recovered along with 
U. (£.) catarrhalls. In 30 cases (15%), M. (£.) catarrhalls 
was the only organism isolated and reported. The most 
common pathogen isolated with H. (fi.) catarrhalls was 
Haemophilus Influenzae (n»37, 18%), followed by 
Streptococcus pneumoniae (n=22, 10%). Staphylococcus aureus 
and Pseudomonas aeruginosa were the third most prevalent 
pathogens isolated with H. (£.) catarrhalls (n«*10 each, 5%).
Of the 179 isolants banked from the period 1 July 1987 
through 30 June 1988, 159 were recovered for the present 
study and their identity verified as M. (fi.) catarrhalls by 
the quadFERM+ test. Using the quadFEKM+ test results for 
recovered isolants and laboratory log book data for those 
that were not recovered, it was estimated that of the total 
population (n=179), 135 (75%) isolants were 0-lactamase 
positive by either guadFERM+ or by the Cefinase disk method 
(Table 4). All viable isolants (n-159) were tested for 0- 
lactamase production as part of the quadFERM* test and 79% 
were positive for 0-lactamase production. In 17 instances,
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Figure 1. Monthly incidence of recovery of H* (fi.) 
catarrhalls from patients at Mountain Home VAMC during the 
period 1 July 1987 - 30 June 1988.
Isolants Recovered 1987-1988
Moraxetla (Branhametla) catarrhalls
i t s # *' ' V ‘ V  H
JU Aug Sapl Oct Dm Jan N 6 Mir Apr Kay Jurw 
Montm, 1M7-1M9
t
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Table 3. Distribution of microorganisms isolated along with 
M. fB.l catarrhalls.
Microorganism Number
M. fB.) catarrhalls. alone1 30
Non-pathogenic streptococci 2 64
Haemophilus influenzae 37
Streptococcus pneumoniae 22
Staphylococcus aureus 10
Pseudomonas aeruainosa 10
Klebsiella pneumoniae 6
Escherichia coli 5
Proteus mirabilis 4
Enterobacter cloacae 3
Enterobacter aeroaenes 3
Serratia marcescens 2
Staohvlococcus species 2
Diphtheroids 2
Citrobacter freundii 1
Streptococcus aoalactiae 1
Streptococcus pvoaenes 1
Haemophilus species, not influenzae 1
Candida albicans 1
Total = 205
1 < 1+ of other organisms reported
2 reported as alpha hemolytic, viridans or group B Strep
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Table 4. Distribution of patient isolants producing f i -  
lactamase.
Number Percent
Location oositive oositive
Ward 1 26 90
Ward 2 10 77
Ward 5 12 92
Ward 6 12 71
Ward 8 13 68
Ward 10 3 100
Ward 16 3 60
Ward 17 18 95
ICU 8 80
SICU 2 100
Domiciliary 9 45
NHCU 3 100
ENT 3 100
Admitting Office 11 55
Other 1 50
Employee 1 100
Total •= 135 Mean 75%
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the 0-lactamase result from the quadFERM+ test was ambiguous 
(recorded as ±) and was confirmed by the cefinase disk 
method. Three of these 17 isolants tested negative by the 
Cefinase method, while 14 tested positive.
All isolants were examined by isolation location to 
identify which ward or location displayed rates of 0- 
lactamase production higher or lower than average. Those 
isolants from patients in the domiciliaries and the 
admitting office demonstrated lower 0-lactamase production 
(45 and 55%, respectively) than the overall average.
Isolants from patients on the hospital wards produced 0- 
lactamase at a rate closer to the overall hospital 
population average of 75%.
Molecular Typing
In order to examine all aspects of the typing 
methodologies used in the present study, each method was 
examined for typeability, reproducibility, and 
discriminatory power.
Tvoeabilitv
•Typeability* is described as the ability of a 
methodology to provide an unambiguous result for each 
isolant examined (Tenover et al, 1994). Isolants that 
produce null or ambiguous results are considered untypeable. 
In the present study, a 'type' refers to the production of a
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characteristic DNA banding pattern using one of the methods 
described previously.
Host of the H. (£.) catarrhalis isolants in this study 
produced clearly discemable DNA banding patterns following 
restriction endonuclease digestion with Bal II and Pme I, 
followed by pulsed field gel electrophoresis (PFGE). Figure 
2 shows a representative gel of H. (£.) catarrhalls DNA 
digested with figl II. Figure 3 shows a typical gel of H, 
(£.) catarrhalls DNA digested with Pme I. Agarose embedding 
of the study isolants, followed by digestion with Bal II 
produced the highest number of evaluable patterns from 
isolants (159 isolants, 100%), while the restriction enzyme 
Pme I produced the second highest number of banding patterns 
from isolants (154 isolants, 97%). Pme I gels contained a 
greater number of distinct bands when compared to Bol II 
gels. However, Pme I gels contained a larger percentage of 
partial digests. These 'partials1 did not occur in the type 
strain, 25238, leading to good reproducibility and 
reportability in this control strain. The occurrence of 
partial digests made repeat digestions necessary for strains 
other than the type strain.
Fifteen of the isolants were not digested by Hae III, 
even with twice the amount of restriction enzyme used as 
normally recommended, as evidenced by conventional 
horizontal gel electrophoresis (Figure 4). The problem 
appeared limited to Hae III, since the same preparation of
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Figure 2. H. (fi.) catarrhalls DNA digested with figl II and 
electrophoresed by PFGE (pulse time parameters were 3 
seconds to 7 seconds), followed by ethidium bromide staining 
and transillumination at 300 nm.
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Figure 3. H. (fi.) catarrhalls DNA digested with Ems I and 
electrophoresed by PFGE (pulse tine parameters were 5 
seconds to 10 seconds), followed by ethidium bromide 
staining and transillumination at 300 nm.
Figure 4. H* (£•) catarrhalls DNA digested vith Hae III, 
electrophoresed by conventional horizontal gel 
electrophoresis for 18 hours at 35 V, followed by ethidium 
bromide staining and transillumination at 300 nm. This 
photograph illustrates some of the isolant DNA preparations 
which were not digested with Hae III (arrows).
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these isolants was digested by other restriction enzymes at 
the recommended concentrations for pulsed-field gel 
electrophoresis. Digestion with Hae III and subsequent 
horizontal gel electrophoresis produced the fewest number of 
evaluable patterns (144 isolants, 91%).
The inability of Hae III to digest the DNA in those 15 
isolants also limited the application of H46 probe, in that 
the undigested DNA remained near the lane origin (Figure 5).
Reproducibility
Several ways of determining the reproducibility of each 
method were examined. The reproducibility within a gel, as 
well as between gels, was measured.
Within a Gel. To measure the variation of migration 
distances within a gel, size markers were placed in the 
first and last wells of the gel. Pulse times of 3 seconds 
ramped to 7 seconds were used for the Bal II-digested DNA 
samples, with which the low range marker demonstrated less 
than 2% variation across the gel (range 0% to 1.7%, n«7), 
with less variation occuring for the smaller size marker 
bands than for the larger size marker bands (Figure 2). The 
lambda ladder marker, which was used with the Pme I-digested 
DNA samples, was electrophoresed with pulse times of 5 
seconds ramped to 10 seconds, and yielded more separation of 
middle-range molecular weight bands (48.5 and 97.0 kb;
Figure 3). Slightly more variation with the lambda
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Figure 5. H. (£.) catarrhalls DNA digested with Hae III and 
electrophoresed by conventional horizontal gel 
electrophoresis for 18 hours at 35 V, followed by transfer 
to a nylon membrane, and hybridization with the M46 probe. 
Note undigested DNA that failed to migrate (arrows).
€1
ladder markers was demonstrated than was seen in the low 
range molecular weight standards, yielding a range 0% to 
2.5% difference across a gel. In both the lambda and the 
low-range DNA markers, the bands in the right-most lane 
appeared to migrate slightly faster than the bands in the 
left-most lane.
The H. (£.) catarrhalls ATCC type strain, 25238, was 
prepared with the study isolants for a total of 7 different 
days over a period of six months using the same procedure. 
Three different preparations of the H* (fl») catarrhalls type 
strain 25238, along with one preparation of the H, (fi.) 
catarrhalls type strain 25240, were digested with the same 
restriction endonuclease fBcl II) and run by PFGE on the 
same electrophoresis gel (Figure €). The size of the 
agarose slices (plugs) from each DNA preparation was also 
varied from approximately 1/4 of a plug to 1/2 of a plug 
(the normal size used is 1/3 of a plug), to determine the 
effect of variable amounts of DNA in each lane. Identical 
patterns were produced at any location within the gel. The 
concentration of DNA had little apparent effect on band 
migration.
Between Gels. The H. (£.) catarrhalls ATCC type 
strain, 25238, was used as a control strain, and for each 
DNA preparation and electrophoresis performed, at least one 
preparation of this strain was included (see Figures 2, 3,
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Figure 6. H- (BO catarrhalls ATCC type strains 25238 and 
25240 digested with Bol II and electrophoresed on PFGE 
(pulse tines parameters were 3 seconds to 7 seconds). Some 
lanes contained twice as much DNA as others and appear more 
intense, but visually there is no apparent difference in 
migration distance.
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and 4). When a set of isolants was digested and run on a 
gel, the type strain 25238 was included as a control for the 
method of digestion and electrophoresis. The type strain 
yielded consistent patterns under either FFGE condition.
Discriminatory.Power
The discriminatory power of each method was analyzed by 
determining the number of DNA banding patterns that each 
method produced, using both visual and computer analysis.
In addition, the discriminatory index for each method was 
calculated.
Visual Analysis. Visual examination of the gels was 
used to identify exact matches between DNA banding patterns. 
DMA digestion by Bal II resulted in 39 (38 study isolants 
and 1 type strain) identifiable banding patterns in the 
samples tested. The discriminatory index for this method 
was calculated to be 0.15. The largest "related" group 
identified by this method contained 21 isolants. Fourteen 
isolants exhibited unique types (matched no other isolant). 
DNA bands occurring at greater than 23.1 kb were weighted 
more heavily in the visual analysis than those below this 
marker. Six to ten DNA bands could be easily distinguished 
above the 23.1 kb marker, with the highest molecular weight 
bands occurring at approximately 170 kb (See Figure 2 for 
representative results).
DNA digestion by £ms I resulted in 43 (42 isolants and 
one type strain) identifiable DNA banding patterns, with the 
largest grouping having 20 isolants. The discriminatory 
index for this method was calculated at 0.34. The largest 
grouping by this method contained 21 isolants, and 20 of the 
isolants produced unique DNA banding patterns. The largest 
number of discernable DNA bands occurred between marker 
bands 48.5 and 250 kb. DNA bands occurring below the 48.5 
kb marker were less distinct. Ten to fourteen bands were 
easily distinguished above the 48.5 kb marker, with the 
highest molecular weight DNA bands occurring at 
approximately 300 kb (See Figure 3 for representative 
results).
Following digestion with Hae III, horizontal gel 
electrophoresis and M46 DNA probe hybridization and 
visualization, resulting bands from the Southern blots were 
measured manually and plotted against the size standard 
(pGEM), as described in Methods. After all isolant bands 
had been compared against lines of best fit for each blot, 
the isolants were sorted according to the highest molecular 
weight band. Results from this visual inspection and 
sorting yielded 28 probe 'families.' A family was defined 
as being related when all isolants within the group 
possessed the same highest molecular weight fragment in the 
pattern. Those banding patterns which were identical, 
disregarding bands less than 500 base pairs, were classified
Figure 7. H. (£.) catarrhalis Southern blot visualized by 
M46 probe. Note lanes which appear identical (arrows).
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as clonal or closely related (Figure 7). This method 
ultimately produced 32 types, with the largest related group 
containing 22 isolants. There were 11 isolants that 
produced patterns not found among the others tested. The 
discriminatory index for this method was estimated to be 
0.03.
When the Southern blot/M46 probe data were analyzed 
visually, two apparent identity groups were discerned, based 
on approximate band sizes. The first of these groups 
contained 23 isolants. These isolants were digested with 
Hae III and electrophoresed on a single gel to verify their 
similarity by probe analysis (Figure 8). One of the strains 
had one additional band, but was otherwise identical to all 
other strains in the set. This same set of isolants was 
digested with Bui IX and electrophoresed on PFGE to 
determine if DNA banding patterns appeared identical by this 
method. More differentiation was noted in the DNA banding 
patterns by this method than by M46 probe hybridization, 
with 18 of the isolant patterns appearing identical, and the 
other five patterns appearing unique (Figure 9)*
The second apparent identity group contained 17 
isolants. This set was also repeated using Hae III and Bel 
II on single gels. While 16 of the isolant DNA patterns 
appeared essentially identical by the H46 probe method 
(Figure 10), five isolant DNA patterns out of the set of 17 
appeared unique by the Bol II/ PFGE method (Figure 11).
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Figure 8. H. (£.) catarrhal1b isolants that appeared 
identical (arrows) by the H46 probe following Hae III 
digestion and Southern blotting (first apparent identity 
group).
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Figure 9. H. (£•) catarrhalis isolants that were identified 
in the first identity group by the H46 probe and 
subsequently digested with Bal II and electrophoresed on 
PFGE. Note patterns that appear different (arrows).
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Figure 10. H. (fi.) catarrhalis isolants that appeared 
identical (arrows) by the H46 probe following Hae III 
digestion and Southern blotting (second apparent identity 
group).
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Figure 11. H. (fi.) catarrhalis isolants that were 
identified in the second identity group by the M46 probe and 
subsequently digested with Bol II and electrophoresed on 
PFGE. Note patterns that appear different (arrows).
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Computer Analysis. Variations in computed band 
molecular weights for digests of the type strain, 25238, 
were calculated for each method. This was necessary not 
only for determining reproducibility, but for determining 
variation between gels in order to make between-gel 
comparisons. With this large number of isolants, DNA 
banding patterns which varied by one or two bands were 
easier to detect with computer assistance than by visual 
analysis alone.
Computer analysis of Bol II-digested isolants included 
bands between the 23.1 kb marker band and the 242.5 kb 
marker band of the low range molecular weight standard.
Bands occurring in this domain ranged in molecular weight 
from 25 to 176 kb. For the analysis, most bands below 
approximately 30 kb were deleted because they were less 
distinct than those above this point. The analysis of the 
ATCC type strain, 25238, for six of the computer-scanned gel 
photographs indicated that 11 distinct bands were found in 
five of the six scans, and one scan had 12 distinct bands. 
Corresponding bands yielded less than +2*5% variation 
between gels.
'It was noted that the analysis of computer scans made 
on different days, of the same photograph, contained 
differences resulting from variable inclusion or exclusion 
of some of the lower molecular weight bands in the analysis.
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This variability was compensated for somewhat by reviewing 
analyses from previous days while entering new scans.
Since there were so few bands resulting from H46 
hybridization, patterns were easily compared between 
computer-generated computed sizes and sizes derived by 
manual graphing. Correlation between the two methods proved 
to be good, with investigator bias tending toward rounding 
off manually derived sizes to the nearest 20-25 base pairs, 
when estimating a molecular size range between 500 and 3000 
base pairs.
The coefficients of similarity (SimCs) were determined 
on a 10% sample (n=16) of iBolants digested with Bol II, 
using both visual analysis and the image analysis software. 
It was determined that the SimCs derived visually were 
somewhat similar to the match percentages reported by the 
Bio Image software. Figures 12 and 13 are matrices 
illustrating the relationships between isolants that were 
compared. Figure 12 indicates the similarity coefficients 
expressed as fractions on the X axis and as percentages on 
the Y axis. The SimCs were derived manually using the 
modified fixed-bin method as described in Methods. The same 
set of isolants was digitally analyzed and compared using 
the Bio Image software. The results are illustrated in 
Figure 13, expressed as percentages. This analysis used the 
equation for similarity method 2, which closely approximates 
the SimC equation described in Methods.
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Figure 12. Matrix describing the relationship between any 
two isolants of a 10% sample of the study isolants as 
determined using visual examination and modified fixed-bin 
analysis and calculation of the similarity coefficient as 
described in Methods. The X axis is expressed as a fraction 
and the Y axis is expressed as a percentage to simplify 
comparison between results of this method and results 
produced using the image analysis software.
Isolant Numbers
350 351 352 353 354 355 357
350 — 4/9 2/7 6/11 4/9 4/5 4/8
351 44 — 2/6 8/10 8/8 8/9 2/7
352 29 33 — 2/8 2/6 2/7 2/5
353 55 80 25 — 8/10 10/1 12/9
354 44 100 33 80 — 6/9 2/7
355 80 89 29 91 67 — 2/8
357 50 29 40 22 29 25 —
358 67 50 33 60 50 67 57
35? 67 50 33 60 50 44 29
360 80 44 29 36 44 40 50
361 25 86 40 67 86 75 33
362 67 75 33 60 75 67 57
36? 60 44 29 55 67 60 50
364 80 67 29 73 67 60 50
365 100 44 29 55 44 40 50
366 40 89 20 91 89 100 25
358 359 360 361 362 363 364 365 366
6/9 6/9 8/10 2/8 6/9 6/10 8/10 10/104/10
4/8 4/8 4/9 6/7 6/8 4/9 6/9 4/9 8/9
2/6 2/6 2/7 2/5 2/6 2/7 2/7 2/7 2/7
6/10 6/10 4/11 6/9 6/10 6/11 8/11 6/11 10/11
4/8 4/8 4/9 6/7 6/8 6/9 6/9 4/9 8/9
6/9 4/9 4/10 6/8 6/9 6/10 6/10 4/10 10/10
4/7 2/7 4/8 2/6 4/7 4/8 4/8 4/8 2/8
— 4/8 4/9 4/7 8/8 6/9 8/9 4/9 4/9
50 — 4/9 2/7 4/8 2/9 6/9 6/9 4/9
44 44 — 2/8 6/9 6/10 6/10 8/10 4/10
57 29 25 — 4/7 4/8 4/8 2/8 6/8
100 50 67 57 — 6/9 8/9 4/9 6/9
67 29 60 50 67 — 8/10 6/10 6/10
89 67 60 50 89 80 — 8/10 6/10
44 67 80 25 44 60 80 — 4/10
44 44 40 75 67 60 60 40 ___
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Figure 13. Matrix describing the relationship between any 
two isolants of a 10% sample of the study isolants as 
calculated using the Bio Image Whole Band Analysis software. 
The matching method used for this analysis was Similarity 
Method 2: 2(#matching bands)/(fbands pattern A + ibands
pattern B). All numbers are expressed as percentages.
Isolant numbers
350 111 352 353 354 355 357 358
350 . — 54 57 50 52 50 67 72
351 54 — 57 83 87 83 48 80
352 57 57 — 42 56 53 63 60
353 50 83 42 — 67 100 42 78
354 52 87 56 67 — 86 44 73
355 50 83 53 100 86 — 42 78
357 67 48 63 42 44 53 — 60
358 64 80 60 78 73 78 60 —
35? 57 48 75 63 67 63 50 70
360 67 58 63 45 57 45 63 70
361 33 56 62 38 67 50 62 35
362 67 67 75 42 56 53 88 60
36? 58 83 63 73 76 82 63 87
364 52 70 44 48 60 67 56 82
365 69 85 48 58 70 58 57 80
366 50 67 63 73 86 100 53 78
359 360 361 362 363 364 365 366
57 75 33 67 50 52 69 50
48 58 56 67 92 70 85 83
75 63 62 75 63 44 48 53
63 45 38 42 73 48 58 73
56 48 67 56 86 60 70 86
63 45 50 53 82 67 58 100
50 63 62 88 63 56 57 53
70 70 35 60 96 82 88 78
— 53 46 50 53 44 57 74
53 — 50 74 73 76 83 45
46 50 — 62 50 40 33 50
50 74 62 — 63 67 67 53
53 73 50 63 — 86 75 55
44 76 40 67 86 — 78 48
57 83 33 67 75 78 — 50
74 45 50 53 58 67 50
-jcn
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Epidemiology
In order to validate typing methods and to determine 
which method or combination of methods gave the best 
combination of sensitivity and specificity, it was necessary 
to determine if an epidemiologic link existed between 
isolants demonstrating identical or near-identical patterns. 
Person-to-person transmission or a point source of infection 
would be suggested if some wards had a greater frequency of 
a single pattern type during a given time period. 
Correlations between the time and place an isolant occurred 
and the banding pattern produced by a given typing method 
would indicate that the method was useful and valid for 
epidemiologic investigation, and not a random distribution 
of pattern types for various isolants.
Three large OKA banding pattern groups of H. (£,) 
catarrhalis emerged from examination of both PFGE and M46 
probe data. Isolants in each group had to be identical by 
both restriction enzymes with PFGE and by their H46 pattern 
to be included in a group (see Tables 5, 6, 7 and Figures 14 
and IS). Type designations were assigned by identifying the 
isolant number for the first occurrence of a pattern for 
both PFGE methods, and by the highest molecular weight band 
occurring in the pattern for the Hae III/M46 method. Group 
A (n * 18) contained isolants from throughout the year July 
1987-June 1988. Group B (n « 18) appeared late in the year 
under study (late February 1988). A third group, Group c (n
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Table 5. Type designations, as determined by all three 
typing methods of H. (£.) catarrhalis isolants identical or 
related to isolant strain #350 (Group A).
Isolant Type designation
Number Location Bal II Pme I M46
350 Emp 350 350 1600D
365 NHCU 350 350 1600D
371 17 350 350 1600D
383 ICU 350 350 1600D
392 17 350 350 1600D
395 1 350 350 1600D
401 NHCU 350 350 1600D
413 17 350 350 1600D
417 16 350 350 1600D
422 2 350 350 1600D
424 SICU 350 350 1600D
429 2 350 350 1600D
433 2 350 350 1600D
440 2 350 350 1600D
479 DOM 350 350 1600D
487 DOM 350 350 1600D
494 1 350 350 1600D
523
n “ 18
DOM 350 350 1600D
Related isolants not identical by all three methods
351 2 351 350 1600D
354 6 354 350 1600D
355 17 353 350 2250A
372 5 354 350 2250B
379 AO 379 350 1600D
481 1 374 398 1600D
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Table 6. Type designations, as determined by all three 
typing methods of M. (£.) catarrhalis isolants identical or 
related to isolant strain #441 (Group B).
Isolant
Number Location
Type designation 
Bal II flue I M46
441 1 441 441 1700A
447 1 441 441 1700A
454 1 441 441 1700A
457 1 441 441 1700A
467 1 441 441 1700A
468 1 441 441 1700A
470 1 441 441 1700A
471 1 441 441 1700A
478 1 441 441 1700A
483 17 441 441 1700A
485 17 441 441 1700A
488 1 441 441 1700A
489 DOM 441 441 1700A
492 441 441 1700A
493 17 441 441 1700A
497 1 441 441 1700A
499 17 441 441 1700A
519
n=18
17 441 441 1700A
Related isolants not identical by all three methods
393 ICU 393 393 1700A
476 AO 441 476 1700C
477 AO 441 476 1700C
517 5 517 517 1700A
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Table 7. Type designations, as determined by all three 
typing methods of (£•) catarrhalis isolants identical or 
related to isolant strain #445 (by Bol II) or 498 (by Pme I) 
(Group C).
Isolant
Number Location
Type designation 
Bed II fin£ I M46
498 1 445 498 1600C
503 17 445 498 1600C
504 17 445 498 1600C
505 1 445 498 1600C
507 17 445 498 1600C
512 8 445 498 1600C
513 8 445 498 1600C
514 17 445 498 1600C
515 2 445 498 1600C
518 17 445 498 1600C
525 17 445 498 1600C
527 6 445 498 1600C
n ** 12
Related isolants not identical by all three methods
384 2 354 352 1600C
445 8 445 419 3400A
448 DOM 445 448 3400A
449 8 445 449 U
451 16 445 449 u
452 8 445 449 u
453 8 445 430 2500
458 DOM 445 374 3400A
473 1 445 405 U
480 10 480 357 1600C
484 AO 357 357 1600C
496 AO 455 414 1600C
502 5 465 502 1600C
508 SICU 445 498 1100B
520 ICU 410 498 1600G
522 DOM 357 357 1600C
U ■ undigested
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Figure 14. Representation of the banding patterns produced 
by £gl II/PFGE, Eme I/PFGE, and Has III/M46, which were 
associated with groups A, D, and C as described in Tables 5, 
6, and 7.
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Figure 15. Distribution of U.(fi.) catarrhalis isolants 
during 1987-1988 by location and (isolant number). Groups 
were identified as identical by all three typing methods (as 
defined in Tables 5-7).
Group A Group B Group c
n » 18 n ** 18 n - 12
Week
July 01- a^ iloyee (350)
02
03
04
Aug 05
06
07
08
Sept 0?"
10
11
12
13
Oct 14
15„ NHCU (365)
16
17 17 (371)
Nov 18
19
20_
21
Dec 22 ICU (383)
23" 1, 17 (395, 392)
24_
25 NHCU (401)
26
Jan 27_ 17 (413)
28
29 16 -> 2 (417)
30 2, SICU (422, 424)
Feb 31_ 2 (429)
32 2 (433)
33
34 2 (440)
Mar 35 1 (441, 447, 454)
36
37 1 (457)
38 1 (467, 468, 471)
39 1 (470)
Apr 40 00H (479) 1 (478)
41" 17 (483, 485)
42 DCH (487)(sane pt as 479}D0N, 1 (489, 488)
43
Nay 44 1 (494) 6, 17 (492, 493)
45„ 1, 17 (497, 499)
46
47
June 48
49
50- D0H (523) 17 (519)
SI
52
1 (498)
17 (503, 504), 1 (505)
17 (507)
8 (513, 512), 17 (514)
17 (515)
17 (518, 525), 6 (527)
(518 and 527 i m  patient, 
cultured 5 days apart)
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- 12) was found only during the last two months (Hay and 
June 1988).
All isolants in these three large groups, with the 
exception of four isolants in group B, tested /5-lactamase 
positive (43/47, 92%) which was a higher rate of 0-lactamase 
production than that for the overall study (75%).
Strains discussed in the following three groups were 
designated by the isolant number of the first occurrence of 
the DNA banding pattern in the sequential list of isolant 
numbers. In some cases pattern designations are different 
among typing methods, but are constant within a typing 
method.
Sroup_A. As shown in Figure 15, H* (fi.) catarrhalls
strain #350 appeared throughout the period under study. It 
was isolated initially on 2 July 1987 and was the first
isolant of the period, isolant #350. It was subsequently
isolated from several areas on the VA medical center 
including the nursing home, the domiciliary and various 
wards throughout the hospital until 13 June 1988, for a 
total of 18 isolants. These isolants appeared identical by 
all three typing methods (Table 5). It was determined that 
the initial isolant was cultured from a throat swab from an 
employee during a pre-employment physical examination.
Group B . As shown in Figure 15, H. (£.). catarrhalis
strain #441 appeared during February 1988 and was isolated
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for the remainder of the period for a total of 18 isolants 
(Table 6). This strain appeared to be unique to this 
limited time period. It occurred initially on Hard 1, a 
general medical/respiratory ward, and subsequently was 
isolated there 11 times out of the total of 18 isolants of 
this strain. This isolant was also recovered frequently on 
Hard 17, an intermediate care ward (5 of 18 isolants).
Grouo_C. As shown in Figure 15, H. (£.) catarrhalis 
strain #498 appeared toward the end of the period under 
study (Table 7). For the last two months (May**June, 1988), 
this was the predominant strain isolated (12 of the last 30 
isolants from the period). Out of the 12 isolants of this 
strain, six were obtained from Hard 17, although its first 
occurrence was on Hard 1.
The isolation location of these three groups of 
strains, Groups A, B, and c, provided the basis for testing 
the validity of these typing methodologies. After 
identifying the wards on which these strains appeared most 
often, the frequency of each type obtained from each ward 
was analyzed to determine if any strain appeared more 
frequently on a given ward in a given time period. Two time 
periods were analyzed: the months July 1987 through January
1988 (<Feb *88)7 and February 1988 through June 1988 (>Feb 
'88).
As was illustrated in Figure 15, isolants of the #350 
strain type occurred throughout the period under study. The
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number of isolants of strain #350 from each time period were 
compared to the number of isolants from the admitting office 
(AO) for both time periods and there was no significant 
difference between the number of isolants for either time 
period. The isolation of this strain throughout the 
hospital occurred in an apparently random fashion.
Strains identified for Groups B and C, #441 and #498, 
were most often isolated from either Ward 1 or Ward 17 (24 
of 30 isolants for the two strains). From each of these 
wards, the total number of isolants and the number of 
strains for the two time periods were compared to the same 
numbers from the AO to determine if there was a significant 
difference in the isolation of H, (£.) catarrhalis for the 
two time periods, using the chi-square test. A summary of 
the number of isolants and the number of strains identified 
for each typing method with respect to location and time is 
provided in Table 8.
For the 12 viable isolants from the pre-February time 
period in the AO, there were 10 strains identified by both 
Bol II and Pme I (10/12), and six strains for eight typeable 
(6/8) isolants by M46 (four of the strains were not digested 
by Hae III). The same period on Ward 1 produced eight 
viable isolants for which six strains were identified by 
each method (6/8).
For the second time period, the AO produced five viable 
isolants from which four strains by both Bol II and Pme I
B6
(4/5) and three strains by M46 (3/5) were identified. This 
tine period produced 19 isolants from Ward 1 with five (Bcxl 
II) or six (fins I and M46) strains among them (5/19, 6/19). 
The chi-square comparison for the number of isolants for the 
two time periods was significantly different (p<0.01), while 
the difference in the number of strains for the two 
locations and time periods was not*
Performing the same comparison with isolants and 
strains from Ward 17 produced similar results, with the 
number of isolants significantly higher (p<0.05) during the 
second time period for Ward 17, while the number of strains 
was not significantly different. These results suggest that 
the increase in the number of isolants in these two wards 
during the second time period was due to the spread of a few 
strains, rather than an overall increase in the number of 
unrelated isolants.
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Table 8. Humber of 21. (£.) catarrhalis isolants and strains 
identified by visual inspection for each typing method with 
respect to location and time.
<Feb >88 
>Feb '88'
Pom
<Feb *88 
>Feb *88
ENT
<Feb *88 
Pre-Emo
<Feb *88
Ward 1
<Feb *88
>Feb *88
Ward 2
<Feb *88
>Feb *88
Ward 5
<Feb <88
>Feb *88
Ward $
<Feb •88
>Feb •88
Ward 8
<Feb •88
>Feb •88
Total
viable £gl II Ems I M46
isolants gtffllng fitrfling strains
12 10 10 6 (4U3)
5 4 4 3
7 5 5 5
10 7 8 6 (1U)
2 2 24
1 1 1 4
8 6 6 6
19 5 6 6 (1U)
6 4 3 5
5 4 4 4
7 6 6 6
5 5 5 5
9 9 8 6
5 5 5 4 (1U)
3 3 3 3
14 7 10 6 (5U)
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Table 8. Continued
Location
Total
viable £31 11 Pme I M46
iP9lflntf? strains strains strains
Ward 16
<Feb '88 1 1 1 1
>Feb *88 3 3 3 0 (3U)
17
<Feb *88 7 4 4 4
>Feb *88 12 2 2 2
TCU
<Feb '88 3 3 3 3
>Feb '88 5 4 4 3
Others5
<Feb '88 3 1 1 1
>Feb '88 7 7 . 7 7
Total»159 (15 U)
1 Prior to February 1988 * Isolants from these sites
2 Including and after Feb 1988 only before Feb *88
3 Undigested by Hae III 5 Includes Wards 10, 14, 15,
NHCU, SICU
CHAPTER 5 
Discussion
In order to validate three DNA-based typing methods 
with Moraxella (Branhamella) catarrhalis. and determine 
which method or combination of methods gives the best 
combination of sensitivity and specificity, it was necessary 
to investigate the typeability, reproducibility and 
discriminatory power of each method. Additionally, if one 
assumes that there will not be a greater frequency of any 
pattern type by isolant location or temporal association, 
this hypothesis must be disproved in order to illustrate 
that any of these DNA-based typing methods are valid for 
epidemiologic investigations, if one assumes that person-to- 
person transmission occurs.
Demographics
As can be seen in Table 2, the largest group of patient 
isolants came from the medical wards 1, 2, 5, 6, and 8, for 
a total of 71 patients. The group that was considered 
outpatients included those from the domiciliary, the 
admitting office, and employees, for a total of 41 
individuals. The intermediate care wards, 16 and 17, 
included 24 isolants from patients that were not acutely 
ill, but required ongoing medical care. These patients are 
considered ambulatory, and have usually been hospitalized
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for an extended period, increasing the exposure to 
nosocomial pathogens.
Haemophilus influenzae (Table 3) was found to be the 
most frequent pathogen isolated with H* (fi.) c a ta r rh a l ls . 
followed by Streptococcus pneumoniae. Similar findings have 
been reported in a study which observed the incidence of 
other organisms isolated with H. (fi.) catarrhalis for a 42- 
month period which included July 1987 to June 1988 for the 
same patient population (Sarubbi et al. 1990). In 46% of 
the cases from this single year, however, fi. (fi.) 
catarrhalis was isolated alone or with microorganisms 
considered to be non-pathogens. Figure 16 shows the 
similarity of recovery of isolants in the present study with 
those isolated during the 42-month period by Sarubbi and co­
workers (1990).
In the present study, production of 0-lactamase in Q. 
(fi.) catarrhalis occurred at an overall rate of 75%, which 
is similar to that found throughout the country, as reported 
by Brown and co-workers (1993). As one might expect, the 
rate of 0-lactamase production in isolants from the period 
under investigation (1987-1988) was lower in patients who 
came into the hospital clinics from the community or from 
the domiciliary (45 to 55%) as compared to those isolants 
from patients confined to the hospital environment (Table 
4), possibly due to inpatients' increased exposure to 
antibiotics.
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Figure 16. Comparison of isolants recovered with H. (fi.) 
catarrhalis in two studies.
1986-1989 Isolants
1987-1988 Isolants
rtc o v fid  with M oroolla fB rtnhim aM  eatanh tls
— —
M P a
H. influenzae: Haemophilus Influenzae GNR: Gram-negative
rods
S. pneumoniae: streptococcus pneumoniae GPC: Gram-positive
cocci
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Molecular typing
Tvpeabilitv
The term 'typeability' of a microorganism describes a 
set of properties of the microorganism which, when measured 
by a given test, yield a characteristic set of results. In 
a given test, unrelated strains of the microorganism under 
study may produce the same result. This does not 
necessarily indicate that the microorganism is not typeable, 
but that the test is not useful for identifying differences 
between those strains. For example, a number of strains of 
a microorganism may produce identical antibiogram results, 
which indicates that the antibiogram is not a suitable 
choice for distinguishing strain differences in that 
population of microorganisms, although the organism has 
produced unambiguous results for that test. Homogeneity in 
antibiogram results has been reported for fi. (fi.) 
catarrhalis (Verghese and Berk 1991).
The problem of finding a test or set of tests that can 
easily distinguish between strains of fi. (fi.) catarrhalis 
has been described in the literature review. As noted, 
various traditional typing methods used to detect 
variability between strains have produced homogeneous 
results. Other molecular typing methods have produced very 
few types, which were not useful for epidemiologic studies 
(Bartos and Murphy 1988, Picard et al. 1989). In DMA 
genomic typing, choices between different restriction
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endonucleases and electrophoresis parameters can determine 
the success or failure of the typing strategy.
For epidemiologic typing, an increased number of 
potential types requires increased specificity of the 
testing system. Since microorganisms may mutate anywhere, 
at any time, limiting the detection of these mutations to a 
readily distinguishable level is essential in the 
development of a usable epidemiologic typing system. 
Restriction endonuclease typing does not measure the 
relative impact of a single mutation, for example, by 
detecting the altered functionality of an enzyme. Only the 
mutational events that occur at a restriction site, or which 
create a restriction site, are detected by this methodology.
As stated in the Results, digestion of the isolant DNA 
with Pme I produced the largest group of distinct types by 
visual analysis. Because of the biology of restriction 
endonucleases, this result was unexpected. Pme' 1 recognizes 
a base pair (bp) sequence in the DNA which is eight bases 
long (5*... G T T T / A A A C  ... 3'). A restriction enzyme 
with a 8 bp recognition site will find a site every 48 
(65,536) base pairs, on average. Calculating from the size 
of the U. (fi.) catarrhalis genome, which is 2.3 x 106 base 
pairs (Catlin 1990), digestion of the DNA from this 
microorganism is predicted to yield approximately 35 
fragments. Use of the enzyme figl II, which recognizes six 
base pairs for digestion, would theoretically yield
approximately 561 fragments after interacting with M. (fi.) 
catarrhalis genomic DNA. One would expect, from these 
calculations, that the enzyme Bel II would produce more 
types in the electrophoresis of the restriction 
endonuclease-digested DNA. However, many of the DNA bands 
produced by Bal II are of such a low molecular weight that 
they are not detected as distinct bands by this method. Pme 
I produces a greater number of DNA bands which are of a 
higher molecular weight, producing more distinct DNA banding 
patterns than Bel II.
As expected, use of the M46 probe on Hae Ill-digested 
M. (fi.) catarrhalis DNA produced the fewest number of types 
(34) in these experiments. Since probes detect very 
specific sequences in the DNA, rather than random cleavage 
products, one would not expect to see as large a number of 
types resulting from the use of the H46 probe. Walker and 
Reagan (1994), using seven paired fi. (fi.) catarrhalis 
isolants (isolated from patients within 72 hours of each 
other) and three ATCC strains, discovered that two of the 
seven pairs were identical by this method, as were two of 
the three type strains used. Because of the temporal and 
geographic diversity of the Isolants used in that study, 
finding similar types among those isolants investigated 
indicated that there may be a limited number of patterns 
produced by the M46 probe method.
Although all of the DNA-based typing methods produced 
distinct results for a majority of the isolants tested, each 
method also displayed a certain amount of ambiguity 
concerning the test results. All three methods produced DNA 
banding patterns that were either questionable as to their 
identity with another pattern, or patterns which appeared to 
match two or more other patterns that were different from 
each other. With Bal II, 36 isolants produced ambiguous or 
questionable results, when compared to other isolants. 
Isolant DNA digested with Pme I produced 17 ambiguous 
results. Use of the M46 probe produced the fewest ambiguous 
results, in that by visual analysis every isolant could be 
assigned a type with no overlap. Digital analysis of the 
banding patterns proved, in some cases, less helpful in 
distinguishing between nearly identical patterns, possibly 
due to the amount of deviation that had to be allowed to 
compensate for between-gel variability. In several cases, 
isolant DNA banding patterns were reported as identical by 
the digital analysis, although the samples, located in close 
proximity on the blot or gel, did not appear identical 
visually. The need for the investigator's subjective 
opinion was illustrated by this occurrence.
ReprpflucifrmtY
The reproducibility of a typing method may be broadly 
defined as the ability of the test to give identical results 
each time the test is performed. In the present study, the
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analysis of reproducibility was performed several different 
ways, for both visual and computer image analysis.
Within-ael Variations. As was illustrated in Figure 6, 
a gel containing different preparations in different amounts 
of the 13. (fl.) catarrhalis type strains, 25238 and 25240 and 
digested using Bqj II, was electrophoresed by PFGE to 
demonstrate the amount of variability, in migration distance 
of the DNA bands, that might be expected within a gel* 
Visually, all the DNA banding patterns from the preparations 
of M. (£.) catarrhalis 25238 are easily recognizable as 
identical, and readily distinguished from both the size 
markers and the ATCC fi. (fi.) catarrhalis type strain, 25240.
The photograph of the gel shown in Figure 6 was 
subjected to computer image analysis to determine the amount 
of variation that might be expected in a single gel prepared 
in this manner, with possible variations in the 
concentration of the DNA in each preparation of a given 
strain. As was mentioned in the Methods section, the 
pelleted cells are resuspended in an egual weight of saline, 
in order to diminish some of the variability that exists in 
the procedure by producing an egual concentration of cells 
from which a small aliquot is analyzed. It is apparent from 
the data derived in this reproducibility test that 
preparations containing roughly twice the amount of DNA do 
not vary in migration distance by more than 4% (+2%) within 
the same gel. This level of deviation was then used for
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matching all strains within a gel. Generally, variation of 
+ 2.5% is within acceptable limits (Birren and Lai 1993). 
Variability also resulted from a placement effect, as well 
as a concentration effect, as demonstrated by a similar 
amount of deviation in migration distances exhibited by the 
size markers located in the left-most and right-most wells 
of a gel. Assignment of molecular sizes to the marker bands 
by the investigator during computer image analysis 
compensated for this apparent deviation.
Between-ael Variations. In order to determine the 
degree of similarity necessary to regard the migration 
distance of a given pair of DNA bands within a pattern as 
similar, gel slices of equivalent size from the same DNA 
preparation were compared on different electrophoretic gels, 
using all three restriction enzymes. This was accomplished 
using two methods: l) visually by measuring and tracing the
banding pattern of the type strain, 25238, from the first 
photograph of the gel in which it was used, in addition to 
the size standard, and comparing it to all other gels 
containing the type strain; and by 2) utilizing the computer 
image analysis estimates of relative molecular weights of 
DNA bands.
Digital analysis of DNA banding patterns of H. (fi.) 
catarrhalis type strain, 25238, on different gels indicated 
deviations in migration distance ranging from 2.6% to 5.9% 
deviation for the various bands. This amount of variation
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is not unexpected, but does lead to some erroneous reports 
of similarity between gels by the image analysis software. 
Additionally, there was difficulty in defining individual 
bands of molecular weights below about 30kb. This
necessitated deletion, for all isolant banding patterns, of
all band markers below the twelfth band in 25238, which is 
approximately 30kb in weight (See Figure 2).
Most of the variation using Pme I occurred in the 
molecular weight range which was expanded by the adjustment 
of the electrophoresis parameters. PFGE pulse time 
parameters for Pme I are five to ten second ramp times, 
which expands the area of migration of the DNA bands in the
range of 50 - 200 kb (see Figure 3).
All of the patterns resulting from the M46 probe 
hybridization to DNA digested by Hae i n  and transferred to 
nylon membranes were manually graphed to determine the 
molecular size of each DNA band. Some variation in 
measuring the molecular size in this manner probably 
resulted because some of the bands were much wider than 
others, causing difficulty in size estimation. Few bands 
resulted from digestion of isolants with Hae XII and 
hybridization of the M46 probe, usually between four and six 
per isolant, consistent with the data of Reagan and co­
workers (1992) for this probe.
A great deal of variation may occur if DNA band 
migration distances are measured incorrectly. The center of
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the band should be estimated for consistency in measurement 
(Birren and Lai 1993). The occurrence of very intense bands 
occasionally made precise measurement difficult, both 
manually and digitally.
Another aspect of the reproducibility issue includes 
the reliability of the methodology. Some of the methods 
tested were more variable in the quality of the results than 
others. The restriction endonuclease Bel II proved to be 
the most reliable of the three enzymes used in the present 
study; only 14 isolant DNAs needed to be repeated for 
clarity (Figure 17). Six of the isolants produced partial 
digestions on the first electrophoresis, requiring a 
slightly higher concentration of the restriction enzyme on 
the repeat digestion. Five of the isolants were repeated 
because they appeared faint in the first electrophoresis, 
and larger slices of the agarose gel containing the isolant 
DNA was used on the repeat digestion, with good results.
The remaining three DNA preparations exhibited banding 
patterns that appeared to be contaminated, as evidenced by 
very unusual DNA banding patterns, which necessitated a 
repeat DNA preparation prior to the repeat digestion (see 
Figure 18 for an example of a DNA banding pattern which 
suggests contamination).
Of the DNA preparations digested by Pme I, 23 had to be 
redigested and the electrophoresis repeated. Host of these 
strains had to be repeated because of partial digestion of
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Figure 17. M* (BO catarrhalis isolant DNA that required 
additional restriction enzyme for digestion with Bal II.
isEEssssssmmemssssa!
Figure 18. fi. (fi.) catarrhalis isolant DNA digested with 
Bal II and electrophoresed on PFGE including a preparation 
of contaminant DNA (arrow).
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the DNA, resulting in multiple faint bands. More optimal 
conditions of Pme I digestion have since been determined, 
including pre-digestion buffer and wash times, and digests 
with this enzyme are now more successful.
When Hae III was used to digest the same isolant DNA 
preparations, 18 isolant DNAs had to be repeated with twice 
the amount of restriction enzyme as used in the standard 
method. Only three of these repeated digests were 
successful, leaving 15 unable to be typed by this method 
(see Figures 4 and 5), Repeated preparations and digestions 
of these isolants were also unsuccessful.
Discriminatorv_pQWeg
Two methods of visually distinguishing different DNA 
banding patterns were found to be useful. The first method 
involved identifying distinguishing factors in the DNA 
banding patterns and selecting those from all photographs. 
This included not only selecting DNA bands in distinctive 
arrangements or placement, but also detecting the absence of 
bands in distinctive areas. The second method was more 
methodical and more thorough. In this procedure, each DNA 
banding pattern was compared to all others by tracing the 
pattern and comparing it to all others in sequence. 
Subsequent matching patterns were listed under the pattern 
tracing. In some cases, DNA banding patterns were visually 
identified as closely similar to more than one pattern type, 
so that ambiguity resulted. Determination of SimCs using
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the modified fix-bin analysis proved to be somewhat more 
objective than the first two methods, but was only tested on 
a 10% sample. Additionally, bins could be slightly altered 
subjectively to allow for slight variations in migration due 
to DNA concentration. Resulting similarity coefficients 
were similar to those obtainable using the computer digital 
analysis, but used less of the pattern for comparison. This
visual method proved to be an acceptable, if somewhat
tedious, method of achieving numerical similarity 
coefficients between isolants.
The discriminatory power of the typing methods 
described was the most difficult portion of the study to 
analyze. Using £. aureus as the prototype for restriction 
endonuclease digestion with PFGE, investigators have 
suggested using differences of more than three bands as the 
separation point between related and unrelated isolants 
(Struelens et al. 1992, Tenover et al. 1994). This limit 
has a solid genetic basis, in that a mutation at a site
recognized by the restriction endonuclease could result in a
single higher molecular weight band where the isolant 
previously had two lower molecular weight bands. In 
addition, a mutation which resulted in a new recognition 
site could yield two new lower molecular weight bands where 
previously there had been only one. Visual determination of 
one-to-three band differences was very difficult with this 
number of isolants, so assignment of subtypes using visual
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analysis was not practical. By using computer analysis, 
however, this task was more manageable. The Bio Image 
software allows the individual lanes of each gel scan to be 
included or excluded from each analysis. By excluding all 
lanes following the first DNA banding pattern in each group 
of visually identical isolants, remaining primary types 
could be compared to identify those DNA banding patterns 
which were analyzed to be more than 85% similar.
The "greater than three band difference" criteria for 
establishing non-relatedness in restriction endonuclease 
digestion/PFGE is less meaningful for use with the Southern 
blots with the M46 probe. There are relatively few bands 
produced in Southern blotting with the H46 probe (which is 
frequently the case with probe methodology), and a three 
band difference in the probe could result in 
misinterpretation of the results. In addition, the absence 
or presence of lower molecular weight bands was not 
considered as significant as the higher molecular weight 
bands, primarily because probes generally bind less well to 
the short sequences (of low molecular weight) and are washed 
away more easily than when they bind to longer sequences.
Probe methodology also uses much less of the total 
genome for comparison. As was illustrated in Figures 8-11, 
even identical DNA banding patterns produced by 
hybridization with the M46 probe were not identical by 
restriction endonuclease digestion followed by PFGE.
The equation used for assessing the discriminatory 
power (12) of a method, as described by Hunter (1990) 
indicates the probability that a microorganism typed by a 
given test or set of tests will be different from the next 
strain that is typed by that method. Therefore, if a sample 
of isolants are typed by a given method, and all produce 
identical results, the probability that the next isolant 
typed by that method will be a different type is 0. 
Conversely, if all isolants typed by a method produce 
different strain types, the probability that the next 
isolant typed by that method will be different is 1.0. The 
indices of discriminatory power for each typing method were 
calculated using the total number of strains for the entire 
isolant sample. Xn the present study, Pme X yielded the 
highest discriminatory index with 0.34 and Hae XXX with M46 
yielded the lowest with 0.03.
The index of discriminatory power calculation is 
normally used to assess the ability of a method to allow 
discrimination between unrelated isolants and is ideally 
used when comparing isolants known to be unrelated. In the 
present study, isolants from the admitting office (AO) were 
the only ones that could be considered unrelated. With only 
those isolants from the A0 for the entire period, each 
method was evaluated using this calculation. Pme X had the 
highest discriminatory power with 0.978 and figl XX was 
slightly less discriminating with and index of 0.962. The
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probe method with M46 was the least discriminating with a 
discriminatory index of 0*929. These indices indicate that 
either of the restriction endonucleases with PFGE would have 
a 95% chance of identifying a unique strain for the next 
unrelated isolant tested. Using these methods on a more 
geographically-diverse population of isolants would further 
identify the discriminatory power of each method.
In their discussion of typing techniques and the use of 
pulsed-field gel electrophoresis in epidemiological typing, 
Maslow and co-workers (1993) included the criteria of ease 
and expense in the evaluation of a typing technique. With 
respect to the ease of a typing technique, embedding 
bacteria in an agarose matrix and subjecting the DNA to 
restriction endonuclease digestion is both quick and simple. 
The major expense of this technique is in the equipment, 
including the PFG electrophoresis apparatus and the gel 
photography equipment. The conventional gel electrophoresis 
unit is a less expensive piece of equipment, but the 
Southern blotting and M46 probe method is a more labor- 
intensive technique, with more steps and, consequently, more 
probability for error to occur. Given these factors, the 
probe technique should not be used on a routine basis for 
the epidemiologic typing of M. (fi.) catarrhalis. The use of 
Bel II/PFGE early in screening an outbreak, followed by Pme 
I digestion and electrophoresis on a single gel for isolants
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identified as similar, would be both simple and relatively 
inexpensive.
Epidemiology 
The essential elements of this project included 
examination of not only the ability of these methods to 
produce unambiguous, reproducible types, but also the 
ability to determine the applicability of these methods to 
epidemiologic investigation. Patterson and co-workers 
(1988) found that patient-to-patient transmission occurred 
in an institutional setting similar to the one found at the 
Mountain Home VAMC. Such evidence supports the results in 
this study: that an increase in the isolation of H* (£•)
catarrhalis during a given time period may be due to the 
transmission of a single strain.
The occurrence of H. (fi.) catarrhalis during the one- 
year period of study appeared to conform to an observed 
seasonal peak in the winter and spring, as was described by 
Sarubbi and co-workers (1990). The notable peak in the 
isolation of g. (fi.) catarrhalis during March of 1988 was 
largely attributable to an increase in the isolation of two 
strains during that period. A single strain also accounted 
for over half of the isolations of H. (fi.) catarrhalis 
during May of 1988. Between February and June 1988, 41 of 
the 99 isolants classified as one of three major types.
The incidence of the Group A strain throughout the year 
was due to one of two possibilities: that this was a
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hospital strain; or that it was transmitted by an employee 
carrier. Because of the limitations inherent in a 
retrospective study, the nature of the transmission of this 
strain remains unknown.
Table 8 shows the the distribution of strains by the 
three typing methods further divided by isolation location 
and time period; either prior to February 1988 or during and 
after February 1988. It is notable that the strain types 
are more random during the period prior to February, but 
during and after February, fewer strains are identified for 
the number of isolants recovered. This is particularly 
evident on Ward 1, where there were five or six (depending 
on typing method) strains among 19 isolants, and on Ward 17, 
where there were two strains among 12 isolants. These data 
strongly suggest the occurrence of an outbreak due to M.
(fi.) catarrhalis during that time period on those two wards. 
The total number of isolants during the months of Harch, Hay 
and June were also almost twice the average for this 
population during these months (Sarubbi et al. 1990), 
further supporting the evidence for two separate outbreaks 
of H. (fi.) catarrhalis during this time.
The two wards where these outbreaks were noted differed 
in that Ward 1 was a primary medical/respiratory care ward 
and Ward 17 was an intermediate care ward. Factors that may 
have contributed to the two outbreaks on these wards 
include: the increased susceptibility of respiratory
patients to bronchitis and pneumonia due to previously 
damaged lung tissue; and the prolonged exposure of the 
intermediate care patients to the medical environment. 
Further study on the occurrence of U. (fi.) catarrhalis in 
these types of environments is recommended, with particular 
attention to the antibiotic treatment patients receive when 
displaying symptoms of exacerbated bronchitis and pneumonia.
Conclusions
1. Chromosomal DNA typing, using the restriction 
endonucleases Bal u  and/or Pme Z with PFGE can be used 
successfully for molecular typing and detection of 
strain variations in H. (fi.) catarrhalis. Conventional 
gel electrophoresis with Hae III digestion and M46 
probe hybridization also detects strain types.
2. Both Bal II and Pme I followed by PFGE, and Hqe III 
followed by conventional gel electrophoresis, Southern 
transfer and M46 probe hybridization produce patterns 
which are reproducible and reliable. The enzyme Bal II 
proved to be more reliable and cheaper to use for a 
primary screening gel electrophoresis.
3. More diversity was detected when using either Bal II or 
Pme I with PFGE as compared to M46 probe hybridization 
following Hae III digestion and conventional gel 
electrophoresis. The discriminatory power was higher 
for either endonuclease with PFGE than it was for Hae 
III/M46 probe. Using the combined data from both of
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the restriction endonucleases/PFGE systems for strain 
differentiation resulted in slightly higher 
discriminatory power than either restriction enzyme 
alone,
4. An increase in the incidence of two strains of H. (fi.) 
catarrhalis during the latter part of the year under 
study was responsible for almost half of the isolants 
from that period, suggesting an outbreak situation. 
Further information on the patient/disease relationship 
is necessary before interpretations on virulence 
associations can be established.
Recommendations 
Tenover and co-workers (1994) suggested that a 
technique which is sensitive enough to include all potential 
patients or sources in an epidemiologically-linked group be 
used early in an epidemiologic study, while another, more 
specific technique should be used later for more detailed 
strain differentiation. A sensitive technique includes all 
possibly-related isolants, while a specific technique may 
not include all related isolants, but no unrelated isolants 
are included.
On a routine basis, with outbreak situations, Bal II 
digestion, followed by PFGE, appears to be the most 
sensitive, cost-effective method for epidemiologic typing of 
H- (fi.) catarrhalis in a clinically-relevant time period.
The restriction enzyme Pme I could be used on all isolants
Ill
identified as similar by the first method to increase the 
specificity of the detection of related strains. An ATCC 
type strain, such as #25238, should be used to verify the 
quality and reproducibility of the technique.
A logical extension of this study would be to extend 
the period of study for the year following the 1987-1988 
study period to determine if the strain associated with 
Group C (type #498) was present later in 1988.
Additionally, the six-month period prior to the year under 
study could be examined to determine if the strain 
associated with Group A occurred prior to the study year. 
This examiniation would assist in determining the whether 
the employee with this strain might have been the source, or 
if that strain was a resident strain common to the local 
population. Also, the strains associated with the two 
outbreaks (Groups B and C) should be analyzed further, in an 
attempt to identify virulence factors associated with the 
epidemic types. Prospective studies should be implemented 
to further identify the relationship between risk factors 
and the illnesses caused by Moraxella (Branhamella) 
catarrhalis.
BIBLIOGRAPHY
112
113
Ahmad, F.; McLeod, D.T.; Power, J.T.; Calder, M.A. 
Branhamella catarrhalIs prevalence in a hospital population. 
Journal of Hospital Infection. 6:71-74, 1985.
Barreiro, B.; Esteban, L.; Prats, E.; Verdaguer, E.; Dorca, 
J.; Manresa, F. Branhamella catarrhalis respiratory 
infection. European Respiratory Journal. 5:675-679; 1992.
Bartos, L.c.; Murphy, T.F. Comparison of the outer membrane 
proteins of 50 strains of Branhamella catarrhalis. The 
Journal of Infectious Diseases. 158(4):761-809; 1988.
Beaulieau, D.; Scriver, S.; Bergeron, M.G.; Low, D.E.; Parr, 
T.R., Jr.; Patterson, J.E.; Matlow, A.; Roy, P.H. 
Epidemiological typing of Moraxella catarrhalis by using DNA 
probes. Journal of Clinical Microbiology. 31(3):736-739; 
1993.
Benenson, A.S. Control of communicable diseases in man.
15th ed. Washington, DC: American Public Health 
Association; 1990.
Berk, S.L. From Micrococcus to Moraxella: The reemergence
of Branhamella catarrhalis. Archives of Internal Medicine. 
150: 2254-2257; 1990.
Birren, B.; Lai, E. Pulsed Field Gel Electrophoresis: A
practical guide. San Diego, CA: Academic Press, Inc. 
Harcourt Brace Jovanovich, Publishers; 1993.
Brown, S.D.; Thomsberry, C.; Marler, J.K.; Bouchillon,
S.K.; Rich, T.J.; Yee, c. The activity of amoxicillin- 
clavulanic acid against influenzae. M. catarrhalis. £. 
pneumoniae, and methicillin-susceptible £. aureus in 1991-
1992. American Society for Microbiology 93rd General 
Meeting; May 16-20; Atlanta, GA; Session 28, Abstract All.
1993.
Budowle, B.; Giusti, A.M.; Waye, J.S.; Baechtel, F.S.; 
Foumey, R.M.; Adams, D.E.; Presley, L.A.; Deadman, H.A.; 
Monson, K.L. Fixed-bin analysis for statistical evaluation 
of continuous distributions of allelic data from VNTR loci, 
for use in forensic comparisons. American Journal of Human 
Genetics. 48:841-855; 1991.
Catlin, B.W. Branhamella catarrhalis: an organism gaining 
respect as a pathogen. Clinical Microbiology Reviews.
3(4):293-320? 1990.
Chakrabaty, B.; Matar, G.M. Molecular typing methods. 
Persing, D.H.; Smith, T.F.; Tenover, F.C.; White, T.J., eds. 
Diagnostic Molecular Microbiology: Principles and
114
Applications. Washington, DC; American Society For 
Microbiology; 1993: p. 26-42.
Denamur, E.; Picard-Fasquier, N.; Mura, C.;Picard, B.; 
Orfila, J.; Krishnamoorthy, R. Comparison of molecular 
epidemiological tools for Branhamella catarrhalis. Research 
Microbiology. 142:565-589? 1991.
Dickinson, D.P.; Loos, B.6.; Dryja, D.M.; Bernstein, J.M. 
Restriction fragment mapping of Branhamella catarrhalis: a 
new tool for studying the epidemiology of this middle ear 
pathogen. Journal of Infectious Diseases. 158(1):205-208; 
1988.
Doern, G.V. Branhamella catarrhalis: Phenotypic 
characteristics* The American Journal of Medicine.
88(suppl 5A):33S-35S; 1990.
Hunter, P.R. Reproducibility and indices of'discriminatory 
power of microbial typing methods. Journal of Clinical 
Microbiology. 28(9):1903-1905; 1990.
Jordan, K.L.; Berk, S.H.; Berk, S.L. A comparison of serum 
bactericidal activity and phenotypic characteristics of 
bacteremic, pneumonia-causing strains of Branhamella 
catarrhalis. The American Journal of Medicine. 88(suppl 
5A):28S-32S; 1990.
Marchant, C.D. Spectrum of disease due to Branhamella 
catarrhalis in children with particular reference to acute 
otitis media. The American Journal of Medicine. 88(suppl 
5A):15S-19S; 1990.
Maslow, J.N.; Mulligan, M.E.; Arbeit, R.D. Molecular 
epidemiology: Application of contemporary techniques to the
typing of microorganisms. Clinical Infectious Diseases. 
17:153-161; 1993.
Mausner, J.S.; Bahn, A.K. Epidemiology. Philadelphia, PA:
WB Saunders Company; 1974.
McKenzie, H.; Morgan, M.G.; Jordens, J.Z.; Enright, M.C.; 
Bain, M. Characterisation of hospital isolates of Moraxella 
(Branhamella) catarrhalis by SDS-PAGE of whole-cell 
proteins, immunoblotting and restriction-endonuclease 
analysis. Journal of Medical Microbiology. 37:70-76; 1992.
Morello, J.A.; Janda, W.M.? Doern, G.V. Neisseria and 
Branhamella. Balows, Albert, ed. Manual of clinical 
microbiology. 5th ed. Washington, DC: American Society for 
Microbiology; 1991: pp. 273-274.
115
Patterson, T.F.; Patterson, J.E.; Masecar, B.L.; Barden, 
G.E.; Hierholzer, W.J. Jr.; Zervos, H.J. A nosocomial 
outbreak of Branhamella catarrhalis confirmed by restriction 
endonuclease analysis. Journal of Infectious Diseases. 
157(5):996-1001; 1988.
Patterson, J.E.; Patterson, T.F.; Farrel, P.; Hierholzer, 
W.J., Jr.; Zervos, H.J. Evaluation of restriction 
endonuclease analysis as an epidemiologic typing system for 
Branhamella catarrhalis. Journal of Clinical Microbiology. 
27(5):944-946; 1989.
Peiris, V.; Heald, J. Rapid method for differentiating 
strains of Branhamella catarrhalis. Journal of Clinical 
Pathology. 45:532-534; 1992.
Pfaller, H.A. Typing methods for epidemiologic 
investigation. Balows, Albert, ed. Manual of clinical 
microbiology. 5th ed. Washington, DC: American Society for 
Microbiology; 1991: pp. 171-182.
Picard, B.; Goullet, Ph.; Denamur, E.; Suermondt, G.
Esterase electrophoresis: a molecular tool for studying the 
epidemiology of Branhamella catarrhalis nosocomial 
infection. Epidem. Inf. 103:547-554; 1989.
Reagan, D.R.; Walker, E.S.; Griggs, M.L.; Franzus, B.W.; 
Sarubbi, F.A. A DNA probe derived from Moraxella catarrhalis 
is useful for epidemiologic studies. American society for 
Microbiology 92nd General Meeting; May 26-30; New Orleans, 
LA; Session 275, Abstract C306. 1992.
Roberts, M.C.; Pang, Y.; Spencer, R.C.; Winstanley, T.G.; 
Brown, B.A.; Wallace, R.J., Jr. Tetracycline resistance in 
Moraxella (Branhamella) catarrhalis: demonstration of two 
clonal outbreaks by using pulsed-field gel electrophoresis. 
Antimicrobial Agents and Chemotherapy. 35(11):2453-2455; 
1991.
Sarubbi, F.A.; Myers, J.D.; Williams, J.J.; Shell, C.G. 
Respiratory infections caused by Branhamella catarrhalis: 
selected epidemiologic features. The American Journal of 
Medicine. 88(suppl 5A):9s-15s; 1990.
Schulte, P.A.; Perera, F.P. Molecular epidemiology. San 
Diego, CA: Academic Press, Inc. Harcourt Brace & Co.; 1993.
Selander, R.K.; Musser, J.M. Population genetics of 
bacterial pathogenesis. Iglewski, B.H.; Clark, V.L., volume 
eds. The bacteria, Volume XI: Molecular basis of bacterial 
pathogenesis. San Diego, CA: Academic Press, Inc., Harcourt 
Brace Jovanovich; 1990.
116
Soto-Hernandez, J.L.; Holtsclaw-Berk, s.; Harvill, L.M.; 
Berk, S.L. Phenotypic characteristics of Branhamella 
catarrhalis strains. Journal of Clinical Microbiology.
27(5):903-908; 1989.
Struelens, M.J.; DePlano, A.; Godard, C; Maes, N.; Serruys, 
E. Epidemiologic typing and delineation of genetic 
relatedness of methici11in-resistant Staphylococcus aureus 
by macrorestriction analysis of genomic DNA by using pulsed- 
field gel electrophoresis. Journal of Clinical 
Microbiology. 30(10):2599-2605; 1992.
Stull, T.L.; LiPuma, J.J.; Edlind, T.D. A broad-spectrum 
probe for molecular epidemiology of bacteria: ribosomal RNA. 
The Journal of Infectious Diseases. 57(2):280-286; 1988.
Tenover, F.C.; Arbeit, R.? Archer, G.; Biddle, J.; Byrne, 
s.; Goering, R.; Hancock, G.; Hebert, G.A.; Hill, B.;
Hollis, R.; Jarvis, W.R.; Kreiswirth, B.; Eisner, W.;
Maslov, J.; McDougal, L.K.; Miller, J. M.? Mulligan, M.; 
Pfaller, M.A. Comparison of traditional and molecular 
methods of typing isolates of Staphylococcus aureus.
Journal of Clinical Microbiology 32(2):407-415; 1994.
Vaneechoutte, M.; Verschraegen, G.; Claeys, G.; Van Den 
Abeele, A.-M. Serological typing of Branhamella catarrhalis 
strains on the basis of lipopolysaccharide antigens.
Journal of Clinical Microbiology 28(2):182-187; 1990.
Verghese, A.; Berk, S. Moraxella (Branhamella) catarrhalis. 
Infectious Diseases Clinics of North America. 5(3):523-538; 
1991.
Walker, E.S.; Reagan, D.R. Evaluation of pulsed-field gel 
electrophoresis and a DNA probe for epidemiological typing 
of Moraxella catarrhalis. (Submitted); 1994.
Wallace, R.J., Jr.; Musher, D.M. In honor of Dr. Sarah 
Branham, a star is bom: the realization of Branhamella 
catarrhalis as a respiratory pathogen. Chest. 90 (3): 447- 
450; 1986.
Woods, C.R,; Versalovic, J.; Koeuth, T.; Lupski, J.R. 
Analysis of relationships among isolates of Cltrobacter 
diversus by using DNA fingerprints generated by repetitive 
sequence-based primers in the polymerase chain reaction. 
Journal of Clinical Microbiology. 30(11):2921-2929; 1992.
APPENDIX A
117
118
Appendix A.l
SOLUTIONS
DNA Isolation
EC Lysis Buffer
6.0 IN Tris HC1 6 ml 1 M TrisHCl, pH 7.5
1.0 H NaCl............... 58.44g NaCl
100 mM EDTA 200 ml 0.5 M EDTA, pH 8.0
0.5% N-Lauroylsarcosine....50 ml 10% N-Lauroylsarcosine 
0.2% Sodium deoxycholate....2 g Sodium deoxycholate 
0.5% Tween 20 5 g Tween 20
Add distilled water (dH20) to 800 ml, heat gently until 
in solution. Let cool, add dHzO to 1 liter (L), filter 
sterilize.
TE Buffer
100 mM Tris HC1.......... 100 ml l M Tris HC1, pH 7.5
100 mM EDTA.............. 200 ml 0.5 M EDTA, pH 8.0
Add to 800 ml with dH20, adjust pH to 7.5, add dH20 to 
1 L, autoclave.
TEN Buffer
100 mM Tris HCl........... 20 ml 1 M Tris HCl, pH 7.5
100 mM EDTA............... 40 ml 0.5 M EDTA, pH 7.5
150 mM NaCl.................6 ml 5 M NaCl stock
Add to 800 ml with dHzo, check pH, add dH20 to 1 L, 
autoclave.
ES Buffer
0.4 mM EDTA 32 ml 0.625 M EDTA, pH 9.3
1% N-Lauroylsarcosine 5 ml 10% N-Lauroylsarcosine
Add to 50 ml with dH2o, make daily in sufficient 
quantities for use.
Pre-Dioestionbuffers
For use with figl II: lOOmM Tris, pH 8.0, 5mM Mgcl2
For use with Pme I: 20mM Tris acetate, 10 mM magnesium
acetate, 50 mM potassium acetate, 
pH 7.9
For use with Hae III: lOOmM Tris, pH 8.0, 5mM MgClz
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Electrophoresis Buffer
TBE Buffer, 10X concentrate
1 H Tris...................968 g THAM
1 H Boric acid............ 494 g Boric acid
10 IBM EDTA..................30 g EDTA, Disodium salt
Add to 8 L with dH,o, stir until dissolved, store in 2 
L bottles, dilute 1:10 in dH20 for use. PFGE requires 
further dilution to 0.5 x.
Southern Blotting 
Transfer Buffer
................ 273 g Ammonium Acetate
 7 ml 10 N NaOH
Add to 3.5 L with dH20.
Buffer A
100 mM Maleic Acid........ 11.3 g Maleic Acid
150 mM NaCl.............. 37.5 ml 4 M NaCl
Add 800 ml dHzO, adjust pH to 7.5 with solid NaOH, 
bring volume up to 1 L.
Buffer B
Buffer A + 10 g blocking reagent (purified skim milk 
powder) per liter
Buffer C
100 mM Tris-HCl........... 100 ml 1 M Tris
100 mM NaCl................ 25 ml 4 M NaCl
50 mM MgCl2 10.2 g MgCl2*7H20
Add 700 ml dH20, adjust pH to 9.5, bring volume up to 
1 L
Hybridization Solution
5X SSC 50 ml 2Ox SSC
1% blocking reagent 2 g blocking reagent (skim
milk)
0.1% N-lauroylsarcosine 2 ml 10% N-lauroylsarcosine
0.02% SDS 200 fil 10% sodium dodecyl
sulfate
Add probe DNA in appropriate concentration 
Prepare soln. at 65*C 1 hr. before using 
Solution remains turbid; store at -20*C
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1st Hybridization Hash Soln.
2x SSC.....................100 ml 20x SSC
0.1% SDS....................10 ml 10% SDS
Add 890 ml dH20.
2nd Hybridization Hash Soln.
o.lx SSC 5 ml 20X SSC
0.1% SDS....................10 ml 10% SDS
Add 985 ml dHzO
2OX SSC
3 M NaCl 175.2 g NaCl or 750 ml 4M NaCl
0.3 M Na-citrate........... 98 g Na-citrate
Add 800 ml dH20, adjust pH to 7.0, bring volume up to 
1 L
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Appendix A.2
CHROMOSOMAL DNA PREP 
(Accelerated Version-Moraxellal
Day 0
1. Twenty hours prior to beginning prep, inoculate a 15 ml 
tube containing 5-6 ml Todd-Hewitt broth with 5-8 
colonies of Moraxella catarrhalis. Incubate with 
shaking at 225rpm, fully tilted (approx 85 degree 
angle) at 37°C.
Day 1
2. Centrifuge cells for 10 minutes at 1000 x g.
3. Heat 2% low melting point (IMP) agarose with stirring 
on hot plate (or in a microwave oven) until fully 
molten (allow to boil slightly). Place in 60°C water 
bath.
4. Weigh 1.5 ml Eppendorf microcentrifuge (me) tubes and 
record.
5. Prepare plug-forming devices (PFDs) by labelling (using 
blue marker) and setting into plug-forming apparatus 
with folded parafilm on bottom foam.
6. Aspirate supernatant from cell pellets.
7. Add 1.0 ml 0.85% NaCl to each tube,
8. Vortex until pellet is resuspended.
9. Transfer entire amount (1 ml) into weighed 
microcentrifuge tubes.
10. Centrifuge in microcentrifuge briefly (10-20 sec,
12,000 x g).
11. Aspirate supernatant from me tubes.
12. Weigh me tubes with pellets and record.
13. Subtract difference to get pellet weight in mg., e.g.,
l.oig- l.05g « 40 mg.
14. Add 1 ul 0.85% saline for each mg of pellet weight, 
e.g., 40mg «*> 40ul.
15. Vortex well, or stir with pipet tip to resuspend 
pellet.
16. Using a new set of labelled me tubes, add 400 ul TEN 
buffer to each tube.
17. Transfer 40 ul of cell suspension to TEN buffer in me 
tubes, total volume «440ul.
18. From molten IMP agarose (2%) take 450 ul and transfer 
to tubes with cell suspension. Triturate gently to 
reduce bubble formation, and then transfer entire 
volume to PFD, mixing well and quickly. DO ONE AT A 
TIME!
19. Repeat 17-18 with all samples.
20. Chill samples at 4°c for 10 min (minimum).
21. I>abel a 12 well tissue culture plate with sample 
numbers.
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22. Aliquot 2-3 ml EC buffer per well.
23. Using plug extrusion device (stepper) and scalpel 
cleaned with 70% EtOH, set up PFD so end of cuvette is 
just past black base. Secure with rubber bands. Push 
plunger to edge of agarose and engage stepper.
24. Slice with scalpel into EC buffer in culture plate 
wells, stepper setting on 2. Hake even 1mm slices with 
each plug until base bulges. Discard remainder.
25. Repeat with each sample.
26. Wrap tissue culture plate in Saran wrap, incubate at 
37°C for 4 h with gentle shaking at 100 rpm. Turn on 
oven to 50°C.
27. Aspirate supernatant, add 2 ml TE buffer, suction, add 
2 ml TE, shake at 100 rpm for 15 min at room 
temperature (RT), and repeat once.
28. Pre-mix Proteinase K (PK) with ES buffer: 100 ul PK
(20mg/ml) + 2 ml ES/ sample.
29. Suction TE buffer from plugs.
30. Add 2 ml ES+PK per well* Wrap plates in Saran Wrap. 
Place in 50°C oven overnight.
End of Day 1
Day 2
31. Wash plugs 4 times using TE buffer, with shaking (100 
rpm) for 30 minutes between washes. The plugs may be 
stored in the refrigerator, or taken to the next step.
32. Select several plugs from the TE buffer for each isolant 
and transfer to new sterile tissue culture plate (24 
well) containing 1 ml of appropriate pre-digestion 
buffer. After transfer, wash the plugs in pre-digestion 
buffer a minimum of four times with shaking at 100 rpm 
for a minimum of thirty minutes between washes. The 
plugs are now ready to be digested with restriction 
enzyme.
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Appendix A.3
SOUTHERN TRANSFER
1. Place gel in baking dish.
2. Depurinate (hydrolyze) the DNA with enough 0.25 M HCl 
to cover gel for 10 min. with shaking at room 
temperature (RT).
3. Empty dish using vacuum pump.
4. Denature the DNA with enough 1.5 H NaCl / 0,5 M NaOH to
cover gel with shaking (50 rpm) for 15 min at RT.
5. Repeat steps 3 and 4.
6. Empty dish using vacuum pump suction.
7. Soak gel in transfer buffer for 30 min.
8. Repeat steps 6 and 7.
9. Refer to VACUBLOT or TRADITIONAL SOUTHERN.
★NOTE: DO NOT TOUCH MEMBRANE EXCEPT WITH GLOVES OR 
FORCEPS.
10. Remove membrane and gently wash in 6x SSC for 10 min. 
with shaking (50 rpm).
11. cut a generous portion of 3mm Whatman filter paper and 
dry at RT for 15 min.
12. Make a folder with Whatman filter paper and place the 
membrane inside.
13. Place folder / membrane in vacuum oven at 80*C for 1 
hr. Use a metal mesh grate with small lead donuts as 
weights on top to minimize curling.
14. The membrane may now be stored under vacuum for long 
periods of time.
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Appendix A. 4
HYBRIDIZATION
* NOTE: To prepare reagents, see SOLUTIONS.
I. Place membrane in plastic bag with acetate folder 
insertion device, add 35ml Hybridization Solution, 
exclude all bubbles and heat seal.
* CAUTION: DO NOT TOUCH MEMBRANE WITH ANYTHINQ EXCEPT 
GLOVED HANDS, FORCEPS OR THE INSERTION DEVICE.
2 Incubate at 65*c with shaking for 1 hr (50 - 70 rpm).
3. Place about 150 ng of labelled DNA (about 1/il of a
prep) in about 1.5 ml Hybridization Solution and heat 
to 95*C for 10 min. Cool rapidly in ice/EtOH bath.
4. Clip corner of bag and drain.
5. Bring total volume of probe mixture to 5.4 ml with
Hybridization Solution. Add GOOfJl of 20% SDS (total 
volume 6 ml, with 2% SDS), mix and add to bag. NOTE: If 
reusing probe, heat 6 ml to 95*C for 10 min. Additional 
SDS may be needed.
6. Exclude all bubbles and reseal.
7. Incubate at 65'C with shaking (50 rpm) overnight (50 -
70 rpm).
8. Clip corner of bag and drain into 15 ml polypropylene 
tube. Store used hybridization/probe solution at -20*C, 
as it can be reused.
9. Add 50ml 1st Wash Solution to bag, exclude bubbles and 
heat seal.
10. Incubate at RT 5 min with shaking (50 - 70 rpm).
II. clip corner of bag, drain and repeat steps 8 and 9.
12. clip corner of bag and drain.
13. Add 50ml 2nd Wash Solution to bag, exclude bubbles and 
heat seal.
14. Incubate at 65'C 15 min with shaking (50 - 70 rpm).
15. Clip corner of bag, drain and repeat steps 12 and 13.
16. Refer next to DETECTION OF PROBE.
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Appendix A.5
DETECTION OF PROBE
*NOTE:To prepare Buffers A,B, and c see SOLUTIONS.
1. Place membrane in dish and add Buffer A to cover 
membrane.
2. Incubate l min. with shaking (50 rpm).
3. Pick up membrane with forceps, allow to drip 5 sec.(DO 
NOT LET MEMBRANE DRY OUT), place in clean dish and add 
Buffer B to cover membrane.
4. Incubate 30 min. with shaking (50 rpm).
5. Dilute anti-digoxigenin alkaline phosphatase (ADAP) 
(vial 8, Boerhinger Mannhiem Genius Kit 1) 1:10,000 in 
Buffer B (5/Jl ADAP + 50ml Buffer B).*N0TE:Do not 
refreese vial 8, store at 4'C.
6. Transfer membrane to clean dish with Buffer B/ADAP 
solution.
7. Incubate 30 min. with shaking (50 rpm).
8. Prewarm 1.0ml Lumi-Phos (Boerhinger Mannhiem) to RT in 
a foil wrapped tube. *NOTE:Lumi-Phos is light 
sensitive.
9. Transfer membrane to clean dish with Wash Buffer A to 
cover.
10. Incubate 15 min. with shaking (50 rpm).
11. Repeat steps 9 and 10.
12. Transfer membrane to clean dish with Buffer C to cover.
13. Incubate 2 min. with shaking (50 rpm).
*N0TE:8teps 14-18 should take place in low light.
14. Pick up membrane with forceps, allow to drip 5 sec., 
and place in acetate folder.
15. With P-1000 pipetman, sprinkle 1.0ml of prewarmed Lumi-
Phos to as nearly cover the membrane as possible.
16. Slowly close the folder spreading the Lumi-Phos across 
the membrane. Gently wipe the outside of the acetate
folder to remove all air bubbles trapped on the
membrane and insure complete coverage. Place in paper 
safe 15 min at 37aC.
17. Place acetate folder on paper towel and using a soft
towel, gently squeegee excess Lumi-Phos out of the
folder and seal with tape.
18. Expose to X-ray film as per FILM DEVELOPMENT.
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Appendix A.6
X-RAY FILM DEVELOPMENT
1. Pour 6BX Developer into far left tray.
2. Record temperature and use chart below to determine 
development time:
3. Set timer as needed.
4. Pour GBX Fixer into second tray and start 68*F water 
flow into third tray.
*NOTE: ALL remaining steps MUST be performed with only 
GBX safelight on.
5. Transfer acetate folder containing membrane from paper 
safe to developing folder and add 1 sheet of Kodak X- 
OMAT AR X-ray film.
6. Close developing folder and expose film to membrane for 
desired time (initial* exposure is usually 30 min).
7. Transfer film to GBX Developer, agitate to insure 
complete coverage and start timer.
8. Continue agitation every 30 sec. until time expires and 
transfer film to GBX Fixer.
9. Agitate every 30 sec. for 10 min.
10. Wash film 20 min. in running tap water rinse tray.
11. Hang to dry.
Temperature Development Time
60*F 
65'F 
68 "F
8.5 min. 
6 min.' 
5 min.
>69*F (add ice to lower temp.)
APPENDIX B
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Appendix B
RESTRICTION ENDONUCLEASES
Ensvms Restriction Site Source
Ana i S' • 1 • G G G C C / C ...3* Acetobacter 
pasteurianus sub. 
oasteurianus
Ava I 5 ft ft • C / py C G PU G ...3' Anabaena variabilis
BamH I 5 ♦ * • G / G A T C C ...3* Bacillus
amvloliouefaciens H
Bal II 5 ft » m A / G A T C T ...3' Bacillus alobicii
£la i 5 • ft ft A T / C G A T  ...3* Carvohanon latum
£33 I 5 tea C / G G C C G ...3' Enterobacter
aaalomerans
EcoR I 5 • • • G / A A T T C ...3' Escherichia coli RY 
13
Escherichia coli J62 
pig 74
EcoR V 5 * « « G A T / A T C ...3'
Hae III 5 a a a G G / C C . . .3' Haemophilus
aecryptius
Hind III 5 • ft ft A / A G C T T ...3* Haemophilus 
influenzae Rd
Hinf I 5 ft ft ft G / A N T C ...3* Haemophilus 
influenzae Rf
Mlu I 5 ft • a A / C G C G T ...3' Hicrococcus luteus 
(IFO 12992)
MSP I 5 ft ft • C / C G G .. .3' Moraxella species
Pme I 5 ft ft ft G T T T / A A A C ...3' Pseudomonas
mendioina
Pst I 5 ft ft ft C T G C A / G ...3' Providencia stuartii
S S l  I 5 ft ft ft G / T C G A C ...3' Streotomvces albus G
££i I 5 • ft ft G
N
G
G
C
G
c
c
N
C
N N N / 
.. .3'
StreDtomvces
fimbriatus
Sma I 5 ft ft ft C C C / G G G ...3* Serratia marcescens
£pe I 5 ft ft ft A / C T A C T ...3* Snhaerotilus species 
(ATCC 13923)
X33 I 5 ft ft ft T / C G A . ..3' Thermus aouaticus
Xho I 5 ft ft ft C / T C G A G ...3* Xanthomonas holicola
im i 5 ft ft ftT / C T A G A ...3* Xanthomonae badrii
A « adenine T » thymine 6 = guanine C » cytosine
Pu « purine Py ® pyrimidine N « nucleotide
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